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INTRODUCTION OF PERENNIAL GRASSES INTO AN EXISTING LUCERNE 
SWARD BY OVERDRILLING 
By Z.A. Ayalsew 
Two experiments were carried out to investigate the effects of some management 
practices on the establishment of perennial grasses (,Grasslands Matua' prairie grass, 
'Grasslands Maru' phalaris and 'Grasslands Nui' perennial ryegrass) overdrilled into a five 
year old lucerne sward and the subsequent impact of the introduced grasses on sward 
composition and productivity. 
The first experiment (24 Nov. '89 to 26 Feb. '90) evaluated the effects of contrasting 
levels of lucerne cover (open vs. closed) on initial establishment and seedling growth of 
perennial grasses overdrilled into lucerne. Lucerne cover had no effect on the start, rate and 
extent of germination. However, 90 days after sowing (DAS) the closed lucerne canopy 
reduced seedling survival from 81 to 28 % in Nui, from 81 to 37 % in Maru, but had no 
effect on Matua survival. The closed lucerne canopy significantly reduced all attributes of 
grass seedling growth examined: dry matter (DM) per plant was reduced to 4 % (from 1620 
to 70 mg), leaf area (LA) per plant was reduced from 98 to 6 cm2. Root length density was 
reduced from 4.8 to 2.2 kIn m-3. The number of tillers per plant of Matua, Maru and under 
the closed lucerne canopy was reduced to 30, 20 and 13% of the open canopy, respectively. 
The second experiment (11 Sep.'89 to 24 Oct.'90) examined the effects of some 
management practices (rainfed vs. irrigation; and untreated vs. 4 g a.i. thiram kg- 1 seed) on 
the establishment of direct drilled grasses and subsequent impact of introduced species on 
sward composition and productivity. 
Irrigation increased, though not significantly, seedling emergence from 357 to 424 
m-2. Fungicide had no effect on seedling emergence. Seedling survi~al247 DAS was 
similar under both moisture regimes (,., 11 % of maximum emergence). Seedling 
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establishment at 247 DAS was 9 % for both Maru and Nui and 17 % for Matua. Fungicide i:~:~;:;~~; 
seed treatment had no effect on seedling survival. 
Seedling growth assessment from the open and closed canopies at 40 DAS 
indicated that canopy closure had more influence on seedling growth than irrigation regime. 
Under the closed canopy DM per plant was similar whether irrigated or not. Under the open 
canopy, however, growth increased four to five fold without and with irrigation, 
respectively. Irrigation doubled leaf area per plant of Maru and N ui but had no effect on 
Matua. On the other hand there was a 3-, 4-, and 5-fold response in LA plane 1 to canopy 
closure in Nui, Matua, and Maru, respectively. 
Four months after sowing, irrigation increased root growth, in the top 20 cm of soil, 
from 314 to 420 g DM m-3. Matua, Maru, and Nui had 442,358, and 303 g DMm-3. There 
was an indication that the performance of the grasses under irrigation during late summer to 
early autumn was related to the size of their root system. 
During the establishment year (Sep.' 89 to June '90) cumulative yield under rainfed 
conditions was 170,220 and 970 kg DM ha-1 for Nui, Maru, and Matua, respectively. 
Irrigation increased these yields to 800, 2700, and 4960 kg DM ha-1, respectively. Under 
dryland conditions, all grasses had no significant effect on lucerne yield. Under irrigation, 
however, Matua reduced lucerne yield from 15350 to 11210 kg DM ha-1; Maru reduced 
lucerne yield from 15350 to 13100 kg DM ha-1. Nui had poor persistence and performance 
and did not affect lucerne yield. During the establishment year total sward yield averaged 
12.3 t DM ha-1 and was not affected by the grasses. 
Under irrigation during late summer to early autumn yield differences were related 
to the amount of irradiance intercepted by each component of the mixture. 
During the 1990 winter Matua under both moisture regimes and Maru from the 
irrigated plots significantly reduced weed and bare ground cover whereas Nui from the 
rainfed and irrigated plots and Maru from the rainfed plots had no impact on .both weed and 
bare ground cover. The lucerne component of the mixtures was, however, similar in all 
species-irrigation treatment combinations. 
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In the ftrst spring following the establishment year, total DMyield from the rainfed 
plots was 16 % higher than that from irrigated plots and reduced weed yield to 17 % of the 
pure lucerne plot but it reduced the lucerne yield to 55 % of the pure lucerne plot yield. The 
total yield of the Matua/lucerne mixture was, however, 23 % more than the pure lucerne 
yield. Maru while reducing weed content to 42 % of pure lucerne plots, did not affect the 
yield of the lucerne component. 
The results suggested that Matua appeared to competitively exclude the lucerne 
which initially was a vigorous stand. It is thus suggested that overdrilling lucerne, while it 
maintains complete ground cover may not be benefIcial. Maru, however, may be a suitable 
associate if the lucerne exhibits gapping at the normal time of harvest . 
. KEY WORDS: Bromus Willdenowii Kunth., Lolium perenne L., Medicago sativa L., Phalaris 
aquatica L., seedling.establishment, survival, growth, canopy closure, irrigation, fungicide, 
irradiance interception. lucerne-grass mixtures, botanical composition, dry matter yield. 
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CHAPTER ONE 
1 GENERAL INTRODUCTION 
Lucerne (Medicago sativa L.) is a highly productive pasture plant. Under 
favourable grazing management lucerne has higher growth rates than most pasturi grasses 
with and with out irrigation (Baars et al. 1990). The high growth rate potential is particularly 
apparent on low-moisture retentive soils and in summer dry areas (Baars et al. 1990). In 
Canterbury, on stony shallow soils lucerne can give 50 % more yield than traditional 
pastures (White, 1982), and in Otago yield advantages from lucerne can range from more 
than 100 % through 50 % to 25 % as the annual rainfall of a locality increases from 350 
through 550 to 700 rom, respectively (Greenwood, 1984). 
In New Zealand, lucerne has usually been grown as a pure sward (Douglas, 1986). 
However, because lucerne generally has a slow growth rate during winter and in anticipation 
of higher total sward yield or a better seasonal production balance, a much research work has 
been carried out on lucerne-grass mixtures (e.g., Vartha, 1967, 1973; Douglas and Kinder, 
1973; Baars and Cranston, 1977; Fraser, 1982, 1983; Gyamtsho, 1990). In most of these 
experiments establishment was either simultaneous or the grasses were sown a year later 
than the lucerne to allow the establishment of the slow establishing lucerne. Generally the 
results indicated that the mixtures were not more productive than the pure lucerne (e.g., ,- ----- - -
Douglas and Kinder, 1973; Baars, 1980). Furthermore, the mixtures were usually unstable 
and became lucerne or grass dominated (e.g., Cullen, 1965; Baars, 1980; Fraser, 1983). 
.'.;- -
Although lucerne, given,,'adequate' stand, is productive and under good ~o.::c 
management may remain so for at least 8 years (White, 1982), it is not uncommon for 
lucerne stands to run out in a shorter duration due to cumulative stresses from unfavourable 
defoliation management, suboptimal climatic and soil conditions and pest problems 
(Dunbier and Easton, 1982). Unlike many other pasture legumes, lucerne does not recruit 
many new plants, few if any, by reseeding or vegetative propagation (Jones and Carter, 
1989). As a consequence, renovation may become necessary to maintain production. 
I '.- •• 
2 
1978; Kunelius et al., 1982; Bellotti and Blair, 1989c). One viable option to circumvent this 
problem could be to introduce compatible perennial grasses by overdrilling (Vartha, 1967). 
However, the establishment of species introduced into an existing vegetation may often be 
poor especially when the existing vegetation is not adequately suppressed (e.g., Bellotti and 
Blair (1989c). It is apparent, therefore, that identifying management systems which enable 
successful establishment of the introduced species is an essential step in realizing the 
ultimate goal- maintaining high pasture productivity. Therefore, the study reported here was 
caniedout: 
a) to compare effects of different management practices on perennial grass 
establishment overdrilled into an existing lucerne sward, and 
b) to assess the impact of overdrilling lucerne with perennial grasses on sward 
composition and productivity. 
".'.:-', . 
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CHAPTER TWO 
2 LITERATURE REVIEW 
2.1 M 0 RP H 0- P HY S I OL 0 G IC A L AN D A G RON OMIC 
CHARACTERISTICS OF NUl PERENNIAL RYEGRASS, MARU 
PHALARIS, MATUA PRAIRIE, AND WL318 LUCERNE 
With mixed pasture swards yield gains may be achieved, at least in principle, when 
component species possess different morpho-physiological attributes for wider exploitation 
of their environment (Donald, 1963). This was demonstrated by Harris and Hogland (1977) 
who found that fed c1over/ryegrass mixtures had competitive combining and yielding ability 
because the grass and the legume had different seasonal growth activity. Thus, a brief review 
of morphological, (eco)physiological and agronomic features and managerial requirements 
of the species used in this experiment are reported here. 
2.1.1 Lolium perenne ev. 'Grasslands Nui' perennial ryegrass 
'Grasslands Nui' perennial ryegrass has a semi-erect, slightly more open growth 
habit than some other New Zealand cultivars such as Ruanui or Ariki. It is also leafy and 
tillers profusely (Armstrong, 1977). 
'Grasslands Nui' is a true perennial. It is claimed to adapt well to most farming and 
climatic environments in New Zealand but best yields are obtained under medium to high 
fertility soils (Armstrong, 1977). Its productivity in summer, spring and autumn is generally 
superior to other perennial ryegrass cultivars from New Zealand (Baars et al., 1976; 
Armstrong, 1977; Harris et al., 1977; Sheath et al., 1976; Lancashire et al., 1978; Pineiro 
and Harris, 1978a). During winter it can produce as much as 'Grasslands Ariki' (Anon., 
1982) although Lancashire et al. (1978) found higher " winter production from Nui than from 
4 
Ariki. In summer-autumn drought prone areas, however, Nui is inferior to Yatsn 1 (Kerr, 
1986). 
Nui has an ability to persist and maintain growth under summer and autumn 
moisture and temperature stresses and also shows a vigorous growth response after autumn 
rains compared to other perennial ryegrass cultivars (Baars et al., 1976; Armstrong, 1977; 
Sheath et al., 1976). The productivity of Nui is superior to other ryegrass cultivars even 
under irrigated conditions (Sheath et al., 1976). 
'Grasslands Nui' persists well under heavy grazing pressure during dry periods 
(Baars et al., 1976; Armstrong, 1977; Pineiro and Harris 1978a; Anon., 1982). Hence, when 
grown in mixture with l~gumes such as red clover it gives a better and more stable grass-
clover balance during dry spells when growth from most other grass would decline giving '" 
way to clover dominance (Pineiro and Harris, 1978a}. 
'Grasslands Nui' establishes easily and rapidly. Thus when grown in mixture with 
slow establishing species, frequent grazing is required to enable good growth of associated I .. 
species (Armstrong, 1977; Anon., 1982). 
Perennial ryegrass cultivars which have low levels Of endophyte (Acremonium 
loliae) infection show poor persistence, due to attack by Argentine stem weevil, in dry 
seasons (Fletcher, 1985). In Nui, Latch et al. (1985) found that A. loliae infected plants 
produced significantly more dry matter, leaf area, tillers, and root growth than uninfected 
plants suggesting that presence of the endophyte per se increases the vigour of the plants and 
possibly their persistence. Mark et al. (1991) reported, however, that endophyte infected 
ryegrass plants performed more poorly than did uninfected plants. In addition, the endophyte 
provides protection to Argentine stem weevil attack (e.g., Fletcher, 1985). 
Kerr (1986) in a number of summer-autumn drought prone sites found that low 
endophyte perennial ryegrass cultivars including Nui had poor persistence compared with 
high endophyte lines. He suggested use of high endophyte cultivars in such areas despite the 
potential poor animal performance and staggers problem from consumption of endophyte 
infected ryegrass pastures (Fletcher, 1986). 
: :'.' 
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The level of endophyte infection may also influence establishment. Reed et al. 
(1985), in Australia, studying a range ryegrass cultivars found that seedling establishment 36 
days after sowing (DAS) was significantly higher from high than low endophyte lines. 
Perennial ryegrasses in general and the cultivar 'Nui' in particular are the most 
widely grown grass species in pasture mixtures in New Zealand (Sangakkara et al., 1982). 
So, since it is also a drought tolerant cultivar (summer growth) and gives better grass-legume 
balances in summer, Nui was chosen for inclusion in this trial both as a basis of comparison 
for Maru' and 'Matua' and to assess its potential for renovating 'declining' lucerne stand. 
2.1.2 Phalaris aquatica ev. 'Grasslands Maru' (Maru pbalaris) 
The morphology of 'Maru' phalaris is typical of P. aquatica in being tall with erect 
culms, broad-leaved, and sparsely tillered (Rumball, 1980). The plant spreads outward from 
the base of older parts of the rootstock by short rhizomes which allow formation of a tuft of 
well-spaced tillers (Oram, 1990). 
Phalaris has been shown to form relatively few main roots which can grow about 2 
m deep within a year from sowing (Blair, 1937). Presumably because of this attribute, it 
tolerates a wide range of soil moisture deficits and is claimed to have a special value for 
grazing sites prone to surface erosion or severe drought (Rumball, 1980). This feature in 
addition to its de facto role in binding the soil, keeps the shoot apices alive by tapping water 
from the deeper soil layer during drought (McWilliam and Kramer, 1968). 
Phalaris is adapted to a Mediterranean-type climate and thus grows actively in New 
Zealand in autumn, winter, and spring (Rumball, 1980). It exhibits a degree of summer 
dormancy, hence after it produces a seed head, vegetative shoots remain quiescent and are 
protected from overgrazing by being close to or under the soil surface until late summer or 
early autumn (Rumball, 1980; Dram, 1990). It responds quickly to the first autumn rains. 
Rumball (Ioc. cit.) on the basis of the growth habit of 'Maru' suggested lucerne or red clover 
as possible companion species. 
I 
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Phalaris seedling vigour is poor compared with perennial ryegrasses and 
establishment is slow (Blair, 1937; McWilliam et al., 1970; Rumball, 1980) hence lax and 
infrequent grazing is recommended during the ftrst year of sowing (Rumball, 1980; Anon., 
1982). Seedlings are sensitive to competition particularly to light competition (Oram, 1990). 
Phalaris is extremely drought resistant and once established persists under heavy 
grazing (Oram, 1990). Thus it is a species useful in regions too dry for ryegrass and other 
commonly grown grasses (Rumball, 1980). It is adapted to a wide range of soils in the 
higher rainfall areas although does best on heavier soils and responds to high fertility; under 
low rainfall situations soil type becomes critical for persistence and vigour (Oram, 1990). 
An Australian study on mechanisms of drought hardiness in phalaris suggested that 
cultivars vary in survival strategies: in some it appears to be related with high level of bud 
dormancy( e.g., cultivar Sirocco) and in others (e.g., cultivar Sirolan ) it is related to rapid 
root growth which may enable it to utilize limited soil moisture more completely thus the 
plant can escape desiccation for some weeks although this would mean subsoil moisture 
would be utilized by vegetative tillers rather than by dormant buds (Oram and Freebairn, 
1984; Oram et al., 1985). It is not clear to which category, if any, the summer survival of 
'Maru' lies. 
Spring/early summer grazing management and summer rain may influence summer 
persistence and vigour of autumn growth of phalaris (Blair,1937; Hill and Watson, 1989; 
Oram et al., 1985). In phalaris the organs which survive in a state of dormancy are the 
swollen stem bases called 'tubers' or buds (Hoen, 1968a). The development of such buds 
precedes culm elongation, and coincides with floral initiation; thus summer dormancy is 
characteristic of reproductive not of vegetative plants though the latter may cease to grow 
'_;'TO." 
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under adverse growing conditions (Hoen, 1968a). Basal buds continue to enlarge during thec~c.~ 
development of reproductive tillers (McWilliam and Kramer, 1968). But when such plants 
are defoliated in spring (or while this phenological stage is proceeding), there is interruption 
of crown bud development (Hill and Watson, 1989) which results in smaller sized buds. 
Such smaller buds may easily be activated by intermittent summer rains and the resulting i"'; 
shoots will die unless moisture is continuously available and temperatures are mild (Hoen 
7 
1966; Hill and Watson, 1989). In addition, such shoots are often less vigorous than would 
have been obtained from larger sized buds (Hill and Watson, 1989). Consequently, 
persistence is poor from such smaller plants (Hoen, 1968b). 
Intermittent summer rain may cause a break in dormancy and adversely affect 
survival (Hoen, 1966) although this appears to vary with cultivar (Dram et al., 1985). Thus, 
in regions with unreliable summer rainfall, the ideal condition for summer survival of 
phalaris would be adequate subsoil moisture to keep plants alive in the dormant state (Hoen, 
1966). 
Maru grows vigorously during cool seasons but tends to be dormant in hot and dry 
conditions; this growth habit makes 'Maru' a potentially promising companion grass for 
lucerne (Anon., 1982). Thus, it was decided to study its establishment when overdrilled into 
a declining lucerne sward. 
2.1.3 Bromus willdenowii Kunth. ev. 'Grasslands Matua' (Matua prairie) 
'Matua' prairie is a tall, erect, highly-tillering plant (Rumball, 1974). However, 
Matua produces fewer tillers than perennial ryegrasses although the higher weight per tiller 
in Matua offsets or more than compensates for the fewer tillers (Hume, 1991). Matua 
produces flower heads through out the year though prolific heading occurs in spring 
(Rumball, loc. cit.). This feature may have both advantages and disadvantages for its 
persistence. On the one hand frequent heading may mean frequent stem elongation hence the 
plants, when grown in mixtures, can compete favourably for irradiance or can even dominate 
associated species but on the other this would render the same plant prone to grazing damage 
for the growing point will often be above the ground and may be easily removed by grazing 
animals. Consequently poor regeneration and survival may ensue. Frequent heading may 
also allow natural reseeding (Pineiro and Harris, 1978b; Hume et al., 1990) if grazing is 
deferred till seed maturity although resulting seedlings are often unable to establish 
successfully (Stevens and Hickey, 1989). Hume et al. (1990) found that only 1 %of the 
seedlings from natural reseeding survived one year after seedlings emerged. However, plants 
,. - . ~.'. 
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which arose from natural reseeding comprised 28 % of the total population and 11 % of the 
tillers suggesting that natural seedling recruitment plays a vital role in prairie grass 
persistence. 
'Matua' prairie is potentially a true perennial given proper management (Rumball, 
1974; Wilson, 1977) but is best described as a self regenerating perennial. Individual plant 
death may occur when management allows overgrazing in dry infertile soils or selective 
grazing in mixed pastures (Rumball, 1974). 'Matua' requires high fertility soils (Rumball, 
1974; Alexander, 1985). Persistence and productivity are poor on poorly drained soils 
(Eccles et al., 1989; Hume, 1990). 
'Matua' is intolerant of frequent grazing (Pineiro and Harris, 1978a; Rys et al., 
1977; Harris et al., 1980; Lancashire and Brock, 1982; Alexander, 1985; Bell and Ritchie, 
1989 ). The literature on the effect of severity of grazing on both persistence and 
productivity appears to be contradictory. Some workers have suggested lax grazing (e.g., 
Rumball, 1974; Wilson, 1977; Stevens and Hickey, 1989) while others have stated severe 
grazing may not reduce productivity and/or persistence provided the sward is rested for a 
long period (Lancashire and Brock, 1982) particularly until new replacement tillers have 
appeared (Black and Chu, 1988). The response of 'Matua' to grazing management appears 
similar to that of lucerne: long rest period and graze it when replacement buds start to appear 
(Black and Chu, 1988). 
'Matua' prairie establishes rapidly (Rumball, 1974; Hill, 1985). Sangakkara and 
Roberts (1981) found that 'Matua' grew faster than 'Nui' and ' Apanui' cocksfoot with the 
result that it soon suppressed the growth of these grasses when grown in mixtures. 
'Matua' has high cool season activity (RumbaU, 1974; Wilson, 1977; Baars and 
Cranston, 1977; Rys et al., 1977; Xu, 1989; Gyamtsho, 1990). It has also shown good 
promise in drier regions and for summer production (Lancashire, 1977; Baars and Cranston, 
1977; Rys et al., 1977). 
Be~~e of Matua's complementary seasonal activity to lucerne, many workers 
have suggested that 'Matua' shows considerable promise in mixture with lucerne (e.g., 
,._ .• ",l •. 
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O'connor, 1967; Baars and Cranston, 1977; Fraser, 1982). Because of the above listed 
features of this cultivar Matua was chosen as a potentially suitable grass to renovate lucerne. 
2.1.4 Medicago sativa L. cv. WL318 (lucerne) 
Medicago sativa L. is an erect plant with a well displayed leaf system (Langer, 
1976). Characterisation of the lucerne canopy profile by Warren-wilson (1965) showed that 
the top 20 % of a mature pure lucerne sward (60 cm high) may comprise about 20 % of the 
total foliage area. This leaf area, in a 43-46 cm high lucerne sward, can intercept about 55 % 
of the incoming solar radiation (Steinke, 1963). The top 50 % of a 50 cm tall lucerne sward 
at about 1 % flowering can constitute 84 % of the total leaf area (Janson, 1979). However, 
leaf area distri~utionmay change over seasons, successive harvests and developmental 
stages (Woodward and Sheehy, 1979). This suggests that a vigorous lucerne stand can 
intercept most of the incoming radiation at the top few centimetres of the canopy. This 
would cause a poor light regime down the canopy and would suppress growth of other 
species when grown in mixtures with lucerne, particularly if the other components had 
height disadvantage 
The lucerne plant is renowned for its deep rooting capacity. A 10 cm tall seedling 
may have a tap root three times longer than the shoot length (Langer, 1976) which under 
favourable soil can grow to a depth of 10 m as the plants mature (Forde et al., 1989). This 
feature may enable lucerne to utilize moisture from deeper soil layers (provided moisture is 
potentially available) and hence enable it tolerate prolonged drought compared with most 
other shallow rooted pasture plants. 
Lucerne requires well drained and not very acidic soil for root growth (Langer, 
1976). Lucerne growth and persistence is poor on acid soils as both nodulation and root 
elongation of lucerne are reduced (White, 1967). Reduced root growth in acidic subsoils has 
been found to limit water uptake by lucerne from this zone and consequently reduces yield 
(McKenzie and Nyborg, 1984). The favourable pH range for the growth and survival of the 
microsymbiont, Rhizobium meliloti, is 6.5-7.0 (Langer, 1976). The level of pH required for 
,;.,. 
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good growth of lucerne may vary with soil type (Lanyon and Griffith, 1988). The amount of 
Al extractable with CaCl2 solution has been found to be a better indicator of impairment of 
lucerne root growth than pH (McKenzie and Nyborg, 1984). The latter authors have 
suggested that root growth of lucerne will be reduced if Al extracted by a 0.02 M CaCl2 
solution is greater than 2-3 JJ.gg- l and more than SO % 
root growth reduction will occur if extractable Al in the subsoil is ~ 20 J,l.gg-l. 
Shoot production in lucerne is not continuous rather it is synchronous. Thus when 
lucerne is left undefoliated, new shoot growth commences from the crown when the 
previous crop of shoots has attained a certain phenological stage, normally at the early 
flowering stage (Leach, 1967; Langer, 1976; Forde et ai., 1989). Nevertheless, when 
defoliation intervenes, new shoot production may proceed at an earlier stage both from the 
crownal and axillary buds (Leach, 1968). The rate and vigour of regrowth, however, may be 
affected when lucerne is defoliated prior to attainment of maturity (Langer, 1976; Cosgrove 
and White, 1990). For the same reason lucerne is intolerant of continuous and/or frequent 
defoliation. 
Duration of grazing and stage of development play important role on regrowth of 
lucerne. Cosgrove and White (1990) showed that grazing lucerne for about 10 days when 
crown buds appear to begin extension growth will result in rapid regrowth but longer 
grazing duration at such stage will depress regrowth. The duration of grazip.g that favours 
rapid lucerne regrowth depends on the stage of lucerne development (Janson, 1975;' 
Cosgrove and White, 1990). The more immature the lucerne the longer grazing duration is 
favoured whereas the more mature the lucerne the shorter grazing duration is preferred. 
WL318 has a fair autumn-spring growth (Dunbier and Easton, 1982). Since it is 
semi-dormant in winter and the the stand appeared to be 'declining', it was decided to 
overdrill it with winter active perennial grasses and study establi~hment of the grasses and 
yield response of the apparently declining W1318 stand. 
, .. ,-.; .... 
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2.2 Factors affecting establishment of overdrilled perennial pasture grasses 
The term pasture establishment, albeit widely used, has remained ambiguous, being 
defined in many ways depending on one's interest and needs (Bellotti and Blair, 1985). 
Nevertheless, since the the crucial objective in pasture establishment is to ensure that 
sufficient plants survive from sowing through to the first summer (Bellotti and Blair, 1985) -
the period during which the greatest loss of seedlings occurs (Campbell and Swain, 1973) -
the term establishment will be considered here in the above context, to cover all phases from 
germination of the sown seed until the seedlings reach a 'stable' density which forms the 
basis ofa productive pasture. 
In this perspective the progression of sown seeds into established plants (the 
process of establishment) may be divided into three distinct phases or filters, viz., 
germination/emergence ..... seedling survival ..... established plant 
(Kunelius et al., 1982; Campbell et al., 1987; Bellotti and Blair, 1989b). 
The following review focuses on factors affecting establishment of overdrilled 
grasses at each of the above mentioned phases. 
2.2.1 Germination/emergence phase 
Germination and/or emergence may be influenced by moisture, temperature, 
pathogens, sowing depth, soil tilth, seed cover and groove shape. These are reviewed next. 
2.2.1.1 Moisture 
Water uptake by a seed is an essential prerequisite to germination (Harper and 
Benton, 1966). Thus, failure of a viable & non-dormant seed to germinate in an otherwise 
favourable environment may result from insufficient hydration which in turn could be due to 
either low moisture content of growth medium or inadequate seed-substrate contact. 
Germination of grasses appears to be sensitive to the moisture level of the growing medium. 
12 
Hay (1973) found that germination of perennial ryegrass, prairie grass and cocksfoot 
declined with reduction in water content from field capacity, and in all these grasses 
germination was less than 5 % when moisture content of the substrate was 75 % field 
capacity. However, species vary considerably in their germination response to moisture 
tension (e.g., McWilliam et al., 1970; Wright et al., 1978). For instance, McWilliam et al., 
(1970) found that germination ofphalaris and perennial ryegrass under osmotic 'drought' at 
-1 MPa was about 15 and 80 % of that at field capacity, respectively. 
The level of soil moisture can affect germination and emergence of direct-drilled 
crops. Choudhary and Baker (1980) found that germination and emergence of wheat was 
about 100 and 68 %, respectively when predrilling moisture content was at field capacity. 
The respective values of these events dropped to 50 and 30 % when predrilling soil 
moisture was close to wilting point. Raising day/night relative humidity from 55/60 to 90/93 
significantly increased both germination and emergence in the latter soil condition. 
Germination and/or emergence may not necessarily be related to soil water content 
but rather to the degree of seed-soil contact (Bellotti and Blair, 1989a). These authors found 
that seedling emergence of ryegrass and tall fescue from surface sowing was inferior to 
conventionally cultivated plots despite the fact that the soil moisture fluctuation in the the 
seeds milieu was higher in the latter case than in the former. This was attributed to the 
degree of seed-soil contact which, presumably was less under surface sowing condition 
suggesting high water content per se may not guarantee germination unless adequate seed-
soil contact is maintained. Baker (1985) has suggested that in dry soils pressing of the seed 
before rather than after it is covered with soil or other covering medium gives increased 
germination and emergence. The importance of such a procedure diminishes in moister soils 
as the seeds can access moisture readily anyways. 
McWilliam and Dowling (1970) from overs owing and Choudhary and Baker 
(1980) from direct drilling studies have shown that availability of moisture in, the vicinity of 
sown seed is another important factor controlling germination of seeds and seedling 
emergence. This is evidenced from the work of Guo and Choudhary (1985) who found that 
seedling emergence of both wheat and clover was significantly increased when drilling was 
~- ~-- ,- .. -;--; 
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made into an initially moist soil (40.9 % dry basis w/w ) compared with drilling into a dry 
soil (9.3 % dry basis w/w). In the latter condition little germination occurred, but if it did, 
emergence was limited unless extra water was applied. Dowling and Smith (1976) and 
Dowling and Glimour (1983) with several pasture species including phalaris, found that 
percent establishment was linearly related to percent mean available soil moisture over six 
weeks following sowing. 
So, since under field conditions soil moisture fluctuates widely, it was hypothesized 
that applying irrigation water would increase both total germination and emergence. Thus 
irrigation treatment was included in this experiment to see if it improves establishment of 
overdrilled grasses. 
2.2.1.2 Temperature 
Temperature is one of the physical components of the seed's microclimate which 
regulates germination. Temperature within the range of 5 to 30 0 C does not constitute a 
limiting factor for total germination of most temperate grasses (McWilliam et ai., 1970) but 
does affect the rate of germination (McWilliam et ai., 1970; Culleton and McCarthy, 1983; 
Hill et al., 1985; Charlton et al., 1985) although the value of germination rate as a factor in 
the establishment of perennial grasses appears to be variable (McWilliam et ai.,1970). 
o 
Culleton and McCarthy (1983) found that germination of Matua at 4 C took 18 
days longer to reach 80 % final germination than that of perennial ryegrass. Charlton et al., 
o 
(1985) found that total germination of Nui was unaffected between 5 and 30 C whereas 
o 
that of Matua was reduced at 30 C and Maru germination was significantly lower below 
o 
10 and above 25 C than intermediate temperatures. In all cases germination rate increased 
o 
with increasing temperature up to 25-30 C. 
However, under extreme temperatures, germination and emergence can be delayed 
so considerably ~hat either seeds will be exposed to fungal attack or seedlings which 
subsequently emerge may be exposed to low moisture conditions. This eventually may lead 
to poor establishment. 
) 
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. Hence, since manipulating temperature under field conditions is not possible,-the m±~~:; 
best strategy to ensure favourable temperature would be adjusting sowing time to coincide 
with anticipated favourable weather - in autumn or in spring. 
2.2.1.3 Fungal pathogens 
Seedling diseases caused by either soil- or seed-borne fungal pathogens have been 
known to contribute to poor establishment of grasses (Holmes, 1983). 
In prairie grass the seed borne pathogen (Ustilago bullata Berk.) can kill plants and 
hence severely reduce survival and establishment (Falloon, 1976; 1979a). The pathogenicity 
of the fungus appears to be enhanced by high temperatures. Falloon (1979b), under 
controlled conditions, found that highest death of infected seedlings occurred between 15-
o 0 
22.5 C but not at 10 C. Studies under field conditions have also shown that highest death 
of seedlings occurred from early compared with late autumn sowings (Falloon, 1985a). 
Regrowth of infected plants is very poor once they have produced an inflorescence 
(Falloon 1976; Falloon and Hume 1988; Hume et al., 1990). Falloon and Hume (1988) 
reported that 99 % of infected plants died in the first year. 
Infected plants may also have poor productivity. FallQon (1979a) reported that 
infected plants produced 30 % less DM than uninfected plants under field conditions. 
Similarly, Falloon and Hume (1988) found that plots in which all plants were infected 
produced 47 % less DM than uninfected plants in the first year. In the second year all of the 
infected plants died. Nevertheless, a significant reduction in herbage yield may not occur 
unless 50 % or more of the plants are infected (Falloon and Hume 1988). Even with such a 
high level of infection the disease may not exert a lasting impact on subsequent plant 
survival and! or productivity. For instance, Hume et al. (1990) found that in plots where as 
many as 50 % of the originally established plants were infected with the head smut fungus, 
the disease disappeared within two years possibly because infected plants died before they 
produced infective spores. 
I.'. 
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Laboratory and field experiments by Falloon and co-workers have shown that head 
smut can be controlled by fungicide seed treatment. However, the efficacy of fungicide on 
establishment can vary with sowing season. Falloon and Rolston (1990) found that when 
prairie was sown in autumn, thiram treatment gave 25 to 65 % increase in establishment 
compared with untreated seed. In contrast to this fungicide had little effect on spring 
seedling establishment. 
Prairie grass plants infected with head smut have been shown to be more 
susceptible to soil borne pathogens than uninfected plants (Fischer and Holton, 1957 cited 
by Falloon et al., 1988). Falloon (1985a) and Falloon and Rolston (1990) isolated soil borne 
pathogens from dead Matua plant suggesting that not only head smut fungus but also other 
soil borne pathogens (e.g., Fusarium oxysporum Schlecht. Fr (Falloon 1985a» could 
contribute to establishment failure. For this reason the latter recommended applying mixture 
of both systemic and contact fungicides to control both type of pathogens. Thus seed treated 
with a combination of 0.3 % thiram and 0.1 % carboxin was used in this experiment to 
evaluate if such treatment could give better establishment than the standard (carboxin alone) 
treatment. 
Soil-borne fungi especially Fusarium sp. and Pythium sp. have been implicated as 
causes of seedling diseases of perennial ryegrasses (Falloon, 1985b). The scale of pasture 
establishment failure due to pathogenic fungi has not often been quantified. However, 
indirect inference has been made through establishment response to fungicide treatments. 
Several glasshouse and field experiments on perennial ryegrass have shown that fungicide 
seed treatment can increase seedling emergence and/or establishment (Falloon, 1980, 
1981a,b; Falloon and Fletcher, 1983; Holmes, 1983; Lewis, 1989). However, establishment 
response to fungicide treatment has not been consistent being dependent, among other 
factors, on cultivar, fungicide, soil/site, temperature and moisture (Falloon, 1980, 1981b, 
1985c, 1987; Falloon and Fletcher, 1983; Lewis, 1989). 
Lewis (1989) investigated factors influencing effectiveness of fungicide seed 
treatments in perennial ryegrass. Under field conditions, he found that fungicide seed 
treatment increased seedling emergence in five out of eight sowings when soil was warm 
16 
and dry ( soil temperature ~ 15 0 C and soil moisture content ~ 10 %). Lewis (1988) using3~i~: 
the same temperature and moisture regimes in a glasshouse, found that fungicide seed 
treatment improved emergence in nine out of 16 soils collected from different sites in the 
UK, Cji 50 % success from fungicide treatment. Lewis (1988, 1989) attributed such variable 
responses to the possibility that under low soil ~oisture conditions seeds may start to 
germinate but may not obtain sufficient moisture to enable them to emerge, thereby falling 
victim to soil-borne pathogens. This is further substantiated from Falloon (1985c) who 
found that ryegrass seedlings were susceptible to fungal attack only for 2-3 days after 
germination commenced, afterwards they became tolerant. 
Falloon and Fletcher (1983) found that Ruanui plants from captan treated plots 
yielded 56 and 68 % more DM than from untreated plots at 17.5 and 2.2 kg ha-1 seeding 
rate, respectively. 
Falloon (1987) also reported a similar increase from fungicide seed treatment. 
Captan or thiram treated seeds gave 30 to 43 % more DM than untreated plants at four 
weeks cutting intervals. That was further increased to about two times the untreated seeds 
when cutting was done at 12 weeks interval. He also reported that 16 weeks after sowing 
treated plants produced six times more DM than untreated plants although the difference 
vanished with time. 
The above reviews indicate that if infected seedlings survive they will have poor 
vigor and that lack of vigor in seedlings can have considerable influence on grass 
establishment especially when overdrilled into an existing sward. Therefore, fungicide 
treatments were included in this study. 
2.2.1.4 Sowing depth 
The depth of sowing may affect seedling emergence. Sowing depth is more critical 
, 
in small seeded forage legumes such as red clover than in most grasses (Campbell, 1981). 
When overdrilled, many grasses may tolerate seeding depths in the range 1-3 cm (Baker, 
1985). Nevertheless, grasses do vary in their emergence capacity even within the 1-3 cm 
~i·.~-'"- -
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tolerance range. For instance, Newman and Moser (1988), in smooth grass, bigbluestem, 
Indiangrass, and switchgrass, found that percent emergence decreased in all grasses except 
switch grass when seeding depth was increased from 1.5 to 3 cm and also from 4.5 to 6 cm. 
However, it is important to note that these conditions are not absolute as emergence response 
can be modified by soil type and soil moisture status. Thus, optimum depth of drilling for a 
cultivar needs to be determined on the basis of soil type and moisture availability. 
2.2.1.5 Soil tilth 
Soil tilth can influence emergence. In spring oats Thow (1963) found that percent 
emergence was negatively correlated (r=-0.68, p < 1 %) with tilth. However, the effect of 
tilth may be modified,by sowing depth. Lazenby and Schiller (1969) found that emergence 
of Phalaris tuberosa was encouraged by coarse tilth (particle size 0.6 to 1.25 cm) when 
surface sown, but by fine tilth ( particle size < 0.3 cm) when sown at depth between 1.25 to 
2.5 cm. This is because in surface sowing surface roughness provides more anchorage for 
radicle entry than smooth soil (Dowling et al., 1971). However, when seeds are sown at 
some depth, fine tilth facilitates better seed-soil contact (better moisture relations) than in 
coarse tilth soil and hence can give better germination and emergence. 
2.2.1.6 Seed cover 
Cover has been shown to improve emergence in both dry (Baker, 1976) and moist 
soils (Chaudhry, 1984 cited by Baker, 1985) but apparently for different reasons. In dry soils 
cover improves emergence by retaining moisture, particularly vapour-phase moisture 
(Choudhary and Baker, 1981a). In wet soils, however, the role of cover is improving 
earthworm activity in and around the grooves thereby increasing aeration (Chaudhry, 1984, 
cited by Baker, 1985). Baker (1985) emphasized that whether soil is dry or wet the vital 
aspect of seed cover is its presence and proximity relative to the groove. Furthermore, he 
~ '. . 
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found that cover in the fonn of plant residue appeared to be far better than clean loose soil in 
promoting emergence. 
2.2.1.7 Groove shape 
In direct drilled seeds, Choudhary (1979, cited by Choudhary and Baker, 1981b) 
found that germination in a dry soil was strongly related to the availability of liquid phase 
moisture; but this had only a partial impact on survival of the germinated seeds before they 
emerged. The availability of vapour- rather than liquid-phase moisture has been shown to be 
more influential for pre-emergence survival of seedlings in dry/drying soils (Choudhary and 
Baker, 1981b). The in-groove relative humidity is affected by the drill groove shape which 
in tum is aJunction of coulter shape. Thus, coulters which fonn 'V' - or 'U' -shaped grooves 
show lower moisture vapour retention capacity than' A' - shaped drills. Consequently, in dry 
soils, the former two types consistently give less seedling emergence than the latter 
(Choudhary and Baker, 1981b). Nevertheless, in the former case emergence may be 
improved by using cover. 
In wet soils, however, seedling emergence appears to depend on the presence and 
amount of earthwonns (to create channels for aeration) rather than on groove shape (Baker, 
1985). So, in the absence of earthworms seedling emergence/survival is independent of 
groove shape. But in the presence of earthworms, emergence is still higher from' A'-
shaped grooves than the other two types. 
2.3 Survival of emerged seedlings 
Bellotti and Blair (1989b) defined the upper limit of this phase of the establishment 
process on the bases of attainment of 'stable' seedling density and similar seedling size 
distribution. 
The use of combined phenological/morphological criteria may offer a reliable 
phasing parameter so far as survival capacity is concerned. This is because survival capacity, 
"" 
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in the long run, may depend on the plant's capacity to access growth resources from its 
environment. The extent of such resource acquisition is a function of the morphological 
development of the plant. For instance, in phalaris survival capacity is largely dependent on 
the development of a deep root system (McWilliam and Kramer, 1968) and crown buds 
(Hoen, 1968b). The latter are not formed until the plant reaches reproductive development 
(Hoen, 1968b). Hence survival, especially in summer, may be endangered unless the plant 
has developed deep roots to supply water to crown buds which survive in a dormant state 
until the dry spell ends. 
In overdrilling seeds are sown into an area which, more often than not, already 
possesses vegetation of some sort. Although such vegetation may aid in germination (except 
where allelopathic interaction occurs) because of the cover it offers to the seeds 
microenvironment, the beneficial effect of live cover may not be long-lasting. That is, once 
germination has proceeded and seedlings have emerged, the vegetative cover could end up 
depressing seedling growth rather than promoting it. Indeed, competition from the existing 
vegetation is probably the single most critical factor limiting survival of overdrilled grass 
seedlings. Cullen (1966) similarly stated that the amount and density of herbage present at 
oversowing was the most critical factor determining survival of sown species. For this 
reason, it appears universally accepted that the first step in overdrilling is to kill off or 
suppress the resident vegetation before sowing ( Naylor ct al., 1983; Baker, 1985). 
Nevertheless, the need for such action depends on the density of the existing vegetation and 
seedling vigor of the species being introduced. Hence, Chapman et al. (1985); Hill (1985); 
Bellotti and Blair (1989b) found that for species with fast seedling growth (e.g., Italian and 
perennial ryegrasses) control of existing species may not be essential to achieve an 
acceptable stand but for slowly establishing species (e.g., co~ksfoot and tall fescue) 
herbicidal control of resident vegetation was essential to ensure seedling survival. 
The importance of competition as a factor in seedling survival can ,~e appreciated 
by comparing survival response where existing vegetation was controlled and where it was 
. not. From surface sowing, Campbell et al. (1987) reported that survival of Phalaris 
aquatica, 18 weeks after sowing, was nil under intact resident vegetation but 27 % 
, .. 
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established when resident vegetation was treated with glyphosate at 1 kg a.i. ha- 1 before 
sowing. Similarly, McDonald and Campbell (1985) found that establishment of direct drilled 
Phalaris aquatica ranged from 28 to 41 % when resident vegetation was herbicide 
controlled but only 8 % established when resident vegetation was left unchecked. 
For Matua prairie grass overdrilled into paspalum pasture (Hill, 1985) reported that 
establishment, 40 DAS, was 11 % (of viable s"eeds sown) when resident paspalum was 
slashed; however, glyphosate control of the resident paspalum increased establishment to 25 
%. 
Vigour and growth of overdrilled species may be affected by the degree of control 
of the resident vegetation. For instance, Barr (1981, cited by Baker, 1985) reported that 
seedling vigour and tillering of Nui overdrilled into a clover dominant sward was poor 
where less than 75 mt)1 of the clover sward around the drill row was herbicide controlled. 
However, a 75 mm spray band width was apparently effective in reducing competition and 
growth of Nui was improved. This, nevertheless, poses a dilemma in the degree of resident 
sward control required to achieve satisfactory establishment of the introduced species and 
the loss of current production due to control of the growth of the existing sward. Baker 
(1985) suggested a compromise management based on the intended use of the sward being 
established and the life cycle of the species being introduced. Thus, where annual and 
vigorous species are overdrilled to lift seasonal shortfalls in production, narrow band control 
of the resident vegetation with non-persistent herbicides may suffice, but where concern is 
for long term productivity, provisional suppression of the rank resident pasture with long 
duration herbicides and wide spray bands may be beneficial. The resident lucerne in the 
experiment reported here was sprayed with short duration herbicide - paraquat - to allow 
establishment of grasses without suppressing the lucerne for an extended period. 
The high seedling survival response to the control of existing vegetation imply that 
the existing vegetation has the competitive edge over the overdrilled specie~. This may be 
related to differences in the size of the shoot/root system between the seedlings of introduced 
species and the existing species. The growth resources for which competition commonly 
occurs are light, water and nutrients. A brief review of the effect of competition from the 
i 
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resident sward against introduced species and the impact of this on survival of the latter is 
considered next. 
2.3.1 Competition for irradiance between the existing species and the 
overdrilled grasses 
In pasture mixtures where component species are established at the same time, 
competition will occur among component species. But where one species is introduced into 
a well established sward of another, competition is largely against the seedlings of the 
introduced species from the existing sward because the young seedlings are unlikely to exert 
marked competition against the mature plants (Cook and Ratcliff, 1984). This is why the 
seedlings of the introduced species usually suffer more stand loss than the existing species. 
Light is considered to be the major factor limiting establishment of species 
introduced into an existing sward (Kalmbacher and Martin, 1983; Evers, 1989). The fonner 
compared establishment of jointvetch in a bahiagrass sward under different levels of 
bahiagrass sward control which allowed different levels of light penetration. They found that 
jointvetch failed to establish satisfactorily when the existing bahiagrass sward reduced 
irradiance reaching the jointvetch canopy level to less than 45 % of the incident irradiance 
(20-21 E m-2 d-1). 
Management of the resident canopy sward can influence competitive relationships 
for light and also survival. For instance, Hill (1985) found that seedlings of Matua and 
Italian ryegrass direct drilled into a kikuyu sward enjoyed 100 % available light for about 
five weeks from sowing when kikuyu was glyphosate treated. But when the kikuyu sward 
was slashed only, light reaching seedlings was reduced to less than 40 % within three weeks 
of sowing. Plant numbers were consistently different from these sward treatments. Although 
it was not specified that the differences in plant density were due mainly to light level 
reaching the seedlings this can be implied. 
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The severity of growth reduction and survival of the introduced seedlings owing to 
competition from the existing species for light may depend on two things. The density of the 
existing species and/or how rapidly light attenuates through its canopy on the one hand, and 
the light requirement of the introduced species or how it responds to reduced light level on 
the other. Cowett and Sprague (1963) found that the amount of light penetrating through a 
lucerne canopy after four weeks of growth where there were 88, 44, and 11 lucerne plants 
m-2 was 11, 13 and 44 %, respecti~ely. Thus it can be inferred that grasses overdrilled in the 
first two types of swards would suffer severe shading to the point that their survival would 
have been endangered. 
In addition to density the. distribution of foliage in the canopy may influence 
competition for irradiance. In lucerne, towards maturity, 75 to 97 % of the leaf area is found 
15-20 cm above the ground level Bula et ai., 1975, cited by Heichel et al., 1988). Since the 
top 50 % of the canopy can intercept more than 80 % of the incoming irradiance (Steinke, 
1963), it can be expected that overdrilled grass seedlings would suffer severe shading from a 
lucerne sward especially where it is dense. 
Mitchell (1955) compared growth response of perennial ryegrass grown at 20 and 
65 % day light. He found that, after 15 days of growth, the total quantity of tissue produced 
by the main tiller from the 20 % day light treatment was reduced to a third of that grown at 
65 % day light. Similarly, Evans (1971) found that the growth of perennial ryegrass grown 
under 20 and 40 % light was reduced to 59 and 74 % of that grown under full light, 
respectively. Because ryegrass responds so detrimentally to reduced irradiance and since a 
lucerne canopy extenuates irradiance rapidly, it is apparent that overdrilled grass seedlings 
are likely to grow slowly and many will perish as a result. Shading can affect root growth 
more than shoot growth (e.g. Watkins, 1940; Pritchett and Nelson, 1951; Evans, 1971; 
Weilbank et ai., 1974). This can affect the plants ability to compete for water and nutrients. 
and can have far reaching consequences when the species are grown in mixtu~es. 
,'-. 
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2.3.2 Effect of moisture stress on seedling survival 
Availability of moisture is one of the factors which influence seedling survival. 
Campbell and Swain (1973) studied seedling survival of surface sown perennial ryegrass, 
phalaris, subclover and lucerne under irrigated and unirrigated conditions over different 
seasons. During summer, they found that under unirrigated conditions 97 % of the seedlings 
which reached radicle entry died due to moisture stress; this figure was reduced to 17 % 
when irrigation was applied. The respective figures during spring were 57 and 18 %. On the 
basis of these results these authors concluded that moisture stress was the major cause of 
seedling death in the phase following radicle entry to establishment in surface sown 
seedlings. 
Additionallywhen species are introduced to an existing sward the problem could be 
further exacerbated by competitive stress from the well established vegetation. Thus the 
young seedlings may suffer increasing moisture stress. This may seriously reduce seedling 
size and eventually lead to seedling death. 
2.3.3 Effect of competition for nutrients on seedling survival 
Germinating seeds can take up nutrients shortly after imbibition. McWilliam et al. 
(1970) found that only six days after imbibition seedlings of phalaris receiving nutrients 
were significantly heavier than seedlings receiving only distilled water and the difference 
increased with time. This suggests that where grasses are overdrilled and where the soil is of 
low fertility, the resulting seedlings may suffer strong competition from the existing sward. 
In Australia, Cook and Ratcliffe (1984) found that root competition for nutrients 
was more important than shoot competition in the growth of surface sown seedlings. Their 
experimental site as reported had low soil fertility, but sufficient rainfall and the existing 
vegetation had an open canopy. This situation appeared to give more weight to competition 
for nutrients than for water and irradiance as being influential factor in seedling growth and 
survival. 
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2.3.4 Role of root growth in seedling survival 
The foremost external indicator that germination has started in a grass seed is the 
appearance of the first seminal roots which are initially enclosed in the coleorhiza (Langer, 
1990). Although these seminal roots serve the young plant for some time, they are not the 
main root system of a grass plant and will be replaced by nodal roots (Langer, 1990). 
In perennial ryegrass cv. 'Grasslands Ruanui' and phalaris cv. Australian, Cornish 
(1982) found that surface drying delayed or prevented extension of nodal root primordia; 
however, ryegrass showed greater likelihood of forming nodal roots under surface drying 
conditions than did phalaris. 
Cornish (1982) and Cornish et al. (1984) found that the effective xylem vessel 
radii of the seminal roots of ryegrass and phalaris (7.9 and 11.6 J,Lm, respectively) are very 
small to transport water sufficient to meet the evaporative demand of the growing seedling. 
This causes reduced growth and, unless nodal roots are formed, death of seedlings will ensue 
eventually wheri evaporative demand exceeds transpiration by a critical margin (Wilson et 
al. 1976). Thus Cornish et al. (1984) observed seedling death as early as 29 DAS in 
ryegrass and phalaris which had seminal but not nodal roots even when soil water potential 
was maintained near -0.03 MPa (co: FC). In a further, long term study where seedlings with 
and without nodal roots were compared, seedlings without nodal roots had very slow water 
uptake (4 cm3 day-I) compared with those which had nodal roots (co: 14 to 17 cm3 day-I). 
Consequently, all seedlings of the former type died although only 30 and 60 % of the 
available water was used by ryegrass and phalaris, respectively whereas none died in the 
latter type (Cornish et al. 1984). Based on this, the latter authors concluded that plants 
grasses without secondary roots will have reduced growth and will not survive more than a 
few months. 
Nodal roots may playa critical role for survival when species are introduced into 
an existing sward where competition is a common phenomenon. Since seminal roots of 
different species vary little and also are generally small in size, formation of seminal roots 
I .. 
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per se has little value in a competitive capacity (Rhodes, 1968). He demonstrated that the 
rate and extent of nodal root formation was associated with competitive ability of species 
when grown in mixtures. 
Rhodes (1968) compared the competitive abilities of H1 ryegrass (L. perenne L. x 
L. multiflorum Lam.) grown in binary mixtures with Festuca arundinacea and Phalaris 
coerulescence C.P.I. 19191, at low vs high inter-plant spacing (15 vs 28 cm2) and under 
either shoot, root or full competition conditions. He found that H1 ryegrass suppressed DM 
and tiller production of fescue at both densities and even when competition was only for the 
root or shoot environment. In phalaris, however, reduction occurred only under high density 
and full competition. This difference in competitive ability was attributed to species 
differences in how early nodal roots were formed and also the amount of nodal roots they 
subsequently produc~d. Thus, fescue was late in nodal root formation and also had lower 
numbers of nodal roots than H1 ryegrass; whereas P.coerulescence was even earlier than H1 
rye grass to form nodal roots but total number was a little smaller than that of H1 ryegrass. 
As a result growth of P. coerulescence was reduced at the higher density. 
2.4 Growth and survival of the 'established' young plants 
Once seedlings pass through the survival filter, the next concern is promotion of 
the growth and persistence of the young 'established' plants. Important factors for this stage 
onwards could be tolerance to defoliation and competition from intruding and/or existing 
species. 
Kunelius et al. (1982) found that annual yield of red clover overdrilled into a 
productive resident sward was negatively correlated to total annual DM yield of the sward. 
Similarly, Bellotti and Blair (1989c) found that DM yield of rye grass and tall fescue about 
two years after direct drilling was inversely related to the total DM of the existing sward 
either at sowing or at spring after sowing suggesting that competition from the resident 
vegetation was a major factor controlling growth of the sown species. 
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Cullen (1970) found that close grazing of swards overs own with grasses checked 
competition from the existing sward and thereby aided survival of the introduced species. 
The potential benefit of grazing, however, may depend on its timing in relation to the 
developmental stage of the sown plants andlor their tolerance to grazing. Thus Campbell et 
al. (1987) found that, in cocksfoot and phalaris surface sown in June, July and September, 
heavy grazing in December with cattle for six day~ had little effect in the former two sowing 
dates but severely reduced persistence of sown species from the September sowing. The 
poor survival from the latter case was attributed to loose anchorage in the soil of seedlings 
early in the growing season ( Campbell et al. (1987). Besides stock may tend to selectively 
graze the young tender plants compared with the rank, mature existing plants in the sward. 
Opinions on the benefits of grazing to survival of overs own or overdrilled plants 
appear to be divided, For instance, Campbell et al (1987) recommended exclusion of 
animals from pastures from sowing until the sown species set seed. Cullen (1970), on the 
other hand, has suggested that spelling in the first year is undesirable especially on dense 
swards for undergrazing is likely to cause greater losses than close grazing. So, since there is 
no detailed study on different grazing management strategies which encourage survival and 
growth of sown species (Campbell et al. (1987), the decision to graze should be based on 
weighing the relative potential damage from grazing against that of competition from the 
existing sward. If sown species are completely dominated by the existing sward, grazing--.;:c __ 
may be valuable'. If, however, the existing vegetation is sparse and less likely to affect 
survival and growth of introduced species, spelling in the first season may allow the sown 
species to become vigorous and more tolerant to either competition or grazing effects. 
2.5 Conclusions 
Successful establishment from overdrilling is a resul~~I1/0f a multitude of 
interacting factors. The above review outlines some of these factors. The following factors 
may be considered worthy of consideration when overdrilling. 
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At normal sowing time, success in the germination/emergence phase of the 
establishment process appears to be governed largely by availability of soil moisture. Where 
overdrilling is done in dryland areas, the shape of the drill groove may influence moisture 
availability to the seeds and as a consequence germination and emergence may be affected. 
Choice of drill equipment, however, becomes less important where soil moisture at drilling 
Ii" v II is adequa~_~o: ~rmination and emergence. A I\W'''~ J (--~ Seed- and soil-borne pathogens could reduce establishment of grasses. Fungicide 
\r{'I,! ~ seed treatment may be used to counteract this possibility. However, seedling diseases do not 
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occur always and hence positive responses to fungicide treatments may not always be 
expected. So, it may be better identify conditions when diseases are likely to develop and 
use fungicides only when needed. 
Once overdrilled species have germinated and emerged, competition from the 
resident vegetation is the main factor governing survival success of overdrilled seedlings. 
This is particularly the case when the existing sward is vigorous and/or dense. In this case 
adequate control of the existing sward prior to overdrilling may be essential to ensure 
satisfactory seedling survival. 
Growth and productivity of seedlings from overdrilling is also affected by the 
severity of competition they experience from the resident vegetation. Therefore, when the 
resident vegetation appears to dominate young plants, grazing may be used to reduce the 
intensity of competition. However the severity and duration of grazing must be related to the 
tolerance of the young seedlings to grazing. 
i' 
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CHAPTER THREE 
3 EFFECT OF EXISTING LUCERNE SWARD ON ESTABLISHMENT OF 
OVER DRILLED PERENNIAL GRASSES 
3.1 INTRODUCTION 
Overdrilling of pastures involves introduction of pasture species into an area which 
possesses vegetation of some sort. Although this may facilitate seed germination (Hay, 
1973) where there is no allelopathic interaction, subsequent survival of the seedlings is 
usually severely affected by competition from the resident vegetation (e.g., Kunelius et al., 
1982; Bellotti and Blair, 1989b). As a result adequate suppression of existing vegetation 
appears to be a universally accepted prerequisite for successful establishment of species 
overdrilled into an existing vegetation (e.g., Naylor et al. 1983). In surface sowing under 
dryland conditions, however, retention of the resident vegetation has been reported to 
improve initial establishment of introduced species (Scott and Wallace, 1978; Dowling and 
Glimour, 1983). The study reported here was conducted to investigate: 
a) the effect of contrasting canopy cover of the existing lucerne on the delay, 
rate and extent of germination of overdrilled perennial grasses; 
b) whether the lucerne canopy cover affects survival and growth of introduced 
grasses; and 
c) the relative importance of the germination-emergence and survival phases in 
the establishment process. 
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3.2 MATERIALS AND METHODS 
3.2.1 Description or the experimental site 
The experiment was conducted on Paddock.Dl at Lincoln University, South Island, 
New Zealand (43-38'S, 172-28'B). The site had been under a pure lucerne (Medicago 
sativa L. cv. WL318) pasture since 1984. The lucerne stand density at the commencement of 
the experiment ranged from 19 to 28 plants m-2. The soil type is a Templeton stony silt loam 
(poplewell and Ward, 1954). The "soil in early spring, 1989, had a high P retention (range, 85 
to 90 %) and a pH of 5.6. 
3.2.2 Experimental design and treatments 
The experiment was laid down as a split plot design with three replicates. The main 
plots were three perennial species (Bromus willdenowil Kunth. cv. 'Grasslands Matua' 
prairie, Phalaris aquatlca L. cv. 'Grasslands Maru' phalaris and Lolium perenne 
L. 'Grasslands Nui' perennial ryegrass). Subplots were either an open or closed lucerne 
canopy. 
The open canopy was attained by cutting the existing lucerne (five years old) in 
such a way that no regrowth occurred afterwards. The closed canopy was also cut at the 
time of sowing but was left unchecked thereafter. 
On 24 November, seeds were hand-placed into 'drill runs', made using a winged 
hoe to simulate the recommended overdrilling groove opener (e.g., Baker, 1985), at a depth 
of 10 mm. Three hundred seeds were sown per plot. Ten mmof water was then applied. 
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3.2.3 Measurements 
Germination of seeds was monitored for up to 34 days after sowing (DAS). 
Germination counts were made daily for the fIrst 10 DAS, once every two days for the next 
18 days and once every three days for the next six days. 
Root growth of grasses was assessed 46 DAS. Samples were taken using a hand 
driven steel tube corer with 55 mm core diameter. Coring was done over a 0-70 mm soil 
depth. A sieve with 0.4 mm aperture size was used for washing roots. Root length was 
estimated using the 'line intersect' method described by Newman (1966) and modified by 
Tennant (1975). Root length data are expressed as km m-3 soil. 
Three months after sowing seedling survival, tiller-, dry matter-, and leaf area per 
plant were.assessed. Leaf area was measured using Li Cor area meter (Model 3100). 
3.2.4 Analysis 
The cumulative germination data from each replicate were fitted to the Weibull 
function described by Brown (1987), Brown and Mayer (1988): y = m(l-exp(-(k(t-z))c)), 
where y, cumulative germination at day t; m, maximum germination; k, estimator of 
germination rate; t, days after sowing; z, estimator of germination lag; and c, a shape factor. 
The nonlinear regression procedure (PROC NLIN) of the statistical analysis system (SAS) 
(SAS, 1990) was used to fit the data by either Marquardt or Gauss-Newton iteration options. 
These options require supplying partial derivatives of the parameters of the function used 
(Appendix A). Convergence criterion used was the default setting of the procedure, 10-8. 
Analysis of variance was done on parameter estimates. Parameter estimates for one replicate 
are given Appendix B. 
Surviving seedlings were expressed as percent of those 
emerged hence the data were transformed to sin-1 ~ % for analysis of variance. Dry matter-
and tiller numbers per plant data were transformed to logarithmic and square root scales, 
• , "0" • ~ -
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respectively. Means and standard errors of mean difference of transformed data are given 
along with inverse transformed values to original scale. 
3.3 RESULTS 
3.3.1 Total germination 
The estimated maximum germination percentages under closed and open canopies , ... 
were 55.7 and 59.2 %, respectively (p = 0.06). 
There was a significant species difference (p < 0.001) in maximum germination 
(Table 3.1). 
~ - ". '. ;' -
Table 3.1 Maximum percent germination as estimated from the Wei bull function 
(n = 6) 
Species Maximum percent germination, m 
Maru 38.5 
Nui 61.3 
Matua 72.5 
sed 3.0 
df 4 
~-.:-~: 
6.4% 
~ , • ,--c. 
cv 
,-, ~-,-;.. . ' ..... _- " 
p .:;:0.001 
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3.3.2 Delay in the start of germination 
The differences between estimated and observed lag periods were less than ± 0.75 
day for all treatments (Table 3.2). There was a significant (p < 0.05) species by canopy 
interaction in lag period. Under the closed canopy cover both, N:ui and Maru took half a day 
longer (significant P < 0.05) to start germination than in open canopy (Table 3.2). The 
Matua germination lag period appeared to be independent of canopy cover. Under both 
canopies, Nui and Matua were respectively the fastest and slowest to start germination, 
respectively. 
Table 3.2 
sed =0.2 
sed =0.25 
cv=4.5 % 
The lag periods as estimated from the Wei bull model parameter, z, and 
actual values (parenthesis) (n = 3) 
species lucerne cover lag period (days) 
p 
df 
Nui open 3.56 (4) 
Nui closed 4.33(4) 
Matua open 7.13(7) 
Matua closed 6.95 (7) 
Maru open 5.92 (6) 
Maru closed 6.50 (6) 
<0.05 
6 
days for comparing differences between canopy means for the same 
species, and 
days for comparing differences between species means either within or 
between canopies. 
33 
3.3.3 Germination rate 
Analysis of k values, an estimator of gennination rate, indicated significant species 
differences (p <0.05). Once gennination had started Maru had the fastest gennination, Matua 
the slowest and Nui was intermediate (Table 3.3). 
Table 3.3 Rate of germination, k, for the different species (n = 6) 
species 
Nui 
Matua 
Maru· 
sed 0.013 
df 4 
cv 30.63 % 
P <0.01 
rate 
0.176 
0.139 
0.186 
Existing lucerne cover had no effect on the rate of germination although the rate 
tended to be higher under open (0. 171)than under closed (0.162) canopies. 
The Weibull model gave a consistently close 'fit' to the observed cumulative 
germination data. Samples of predicted and observed values are shown (Figure 3.1). 
In 14 ofthe the 16 cases, the maximum gennination estimated from the asymptote, 
m, of the Weibull model was within ± 1.5 % of the observed final gennination 34 DAS. In 
the other two cases final germination was overestimated by 2.7 and 14 % under open and 
closed canopy, respectively. 
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Figure 3.1 
10 20 30 40 
Days after sowing 
Actual (points) and predicted (lines, from the Weibull 
model: y = m * {1 - exp (-(k*(x-z))**c)}) germination of 
three grass species - Maru (_), Matua (A) Nui (e) 
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3.3.4 Survival of emerged seedlings 
There was a highly significant (p < 0.001) species by existing lucerne cover 
interaction on survival of grass seedlings (Table 3.4). Under the closed canopy, survival of 
Nui and Maru seedlings was reduced to 50 and 59 % ,respectively, of that under the open 
canopy. For Matua, however, seedling survival appeared to be independent of canopy cover. 
As a result the proportion of Matua seedlings which survived the fIrst summer under either 
of the canopies was significantly higher than that of Nui or Maru under the closed canopy 
(Table 3.4). More Nui seedlings survived under the open canopy than that of Maru from the 
closed canopy and vice versa (Table 3.4). 
Table 3.4 . Interaction between species and lucerne cover on seedling survival 
(survival expressed as % of emergence) (n = 3) 90 DAS 
species 
Maru 
Maru 
Nui 
Nui 
Matua 
Matua 
sed 0.048 
sed 0.053 
p <0.01 
cv 6.13 
df 6 
canopy 
closed 
open 
closed 
arcsin (~%) 
(radians) 
0.65 
1.11 
0.56 
detransformed 
(%) 
36.89 
80.89 
27.92 
open 1.12 81.35 
closed 1.15 83.50 
open 1.18 85.44 
for comparing differences between canopies with in a 
species, and 
for comparing species within or between canopies. 
36 
3.3.5 Growth of seedlings 
Dry matter per plant, averaged over all species, was reduced from 7.39 under the 
open to 4.24 mg under the closed-canopy (log scale, sed = 0.08,6 df, p < 0.0001, CV = 3.25) 
i.e., growth under the closed canopy was 4 % of that from the open canopy. Species also 
showed significant differences in DM per plant (Table 3.5). 
Table 3.5 Differences among species in DM per plant (n = 6) 90 DAS 
Species 
Nui 
Mar 
Mat 
sed 
p 
cv 
df 
3.3.6 Leaf area 
DM (mg planf 1) 
(logarithmic scale) 
5.17 
5.78 
6.34 
0.12 
<0.05 
2.5% 
4 
DM (mg plant -1 
( detransformed) 
175.92 
323.76 
566.80 
Species significantly differed (p < 0.05) in leaf area per plant (Table 3.6). 
,--.'." '-
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Table 3.6 Differences in leaf area per plant among species (n =6) 90 DAS 
species 
nui 41.95 
maru 37.82 
matua 76.48 
sed 7.76 
p <0.05 
cv 18.5 
elf 4 
Leaf area per plant was reduced from from 98.44 cm2 under the open canopy to 
merely 5.73 cm2 under the closed canopy (p < 0.01; sed = 16.1; df = 4). Leaf area per plant 
of Nui and Maru was 55 and 50 % of that of Matua. 
3.3.7 Tiller number per plant 
There was a significant species by lucerne cover interaction on tiller numbers per 
plant. In all species, tiller number was significantly reduced under the closed canopy 
compared with that of the open canopy. The relative decline in tjUer number was greater in 
Nui than either of the other grasses (Table 3.7). 
-- - , 
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Table 3.7 Interaction between species and lucerne cover on tiller number per plant 
(n = 3) 90 DAS 
Species canopy 
Nui open 
Nui closed 
Maru open 
Maru closed 
Matua open 
Matua closed 
sed 0.15 
sed 0.12 
P <0.01 
cv 8.59 
df 6 
tiller no. plant-1 
(~ no.) 
4.04 
1.46 
2.29 
1.02 
2.52 
1.14 
tiller no. planf 1 
( detransfonned) 
16.3 
2.1 
5.1 
1.0 
6.4 
1.96 
for comparing differences between canopies within a species, 
and 
for comparing species within or between canopies. 
Under the open canopy tillering of Nui was significantly more than that of Matua or 
of Maru. In the closed canopy, however, Nui and Matua had similar tillering and both 
excelled Maru. Tillering in Maru and Matua was equivalent under the open canopy but the 
latter was superior (p < 0.05) to the fonner under the closed canopy. 
.. 
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3.3.8 Root length density 
Species differed significantly ( p < 0.05) in root length density (Table 3.8). 
Table 3.8 Variation in root length density of grasses 46 DAS (n = 6) 
species root length density 
(kmm-3) 
nui 3.79 
maru 2.24 
matua 4.43 
sed 0.52 
p <0.01 
cv 18.45 
df 4 
Root length density, meaned over species, was reduced from 4.8 under the open 
canopy to 2.2 km m-3 under the closed canopy (sed = 0.61 km m-3; df = 6; cv = 36.9 % ; p < 
0.05 ). 
3.4 DISCUSSION 
3.4.1 Total Germination 
In grasses under a favourable temperature regime and in the absence of pathogens, 
availability of moisture may be the overriding factor governing the extent of germination. 
-', 
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Utilization of available ~oisture is influenced by seed placement (seed-soil contactHHarper __ 
and Benton, 1966) and seed coat characteristics of the seed (McWilliam and Phillips, 1971). 
The existing lucerne may exert opposing effects with regard to germination. On the 
one hand its ramified root system may interfere with seed placement (Kunelius et al., 1982), 
i.e., it may reduce the degree of seed soil contact which is considere~mportant factor in 
seed germination (Harper and Benton, 1966; McWilliam and Phillips, 1971) and on the 
other vegetative cover would minimize loss of moisture from the seeds microenvironment 
through its protective effect from direct wind and radiation ( Evans and Young, 1970; 
Dowling, Clements, and McWilliam, 1970; Dowling, 1978). 
Total germination/emergence was not influenced by the lucerne canopy cover. This 
contrasts with the results of Barker and Zhang (1988) for overs owing conditions where they 
reported greater seedling. appearance in herbicide treated or hard grazed plots than from lax 
grazed or unsprayed plots. However, it agrees with the results of Chapman et al. (1985); 
Bellotti and Blair (1989a) who found that control of resident vegetation did not affect 
germination under overs owing or direct drilling conditions. Such inconsistency of results 
suggest the resident vegetation may have interfered with seed-soil contact. In the experiment 
reported here, however, seeds were placed in such a way that equivalent contact was made 
with the soil under both canopies. In addition 10 mm of water was applied at sowing. It 
appears, from this, that provided the sown seeds make adequate contact with the soil and 
moisture is potentially available, the existing lucerne per se may not affect the extent of 
germination at least with the species tested. Thus germination/emergence may not constitute 
a major problem in the process of establishment. 
Species, however, differed in total germination independent of canopy cover. Maru 
had 38.5 % germination, followed by Nui (61.3 %) and Matua (72.5 %). The total 
germination/emergence of Nui reported here (61.3 %,34 DAS) compares favourably with 
the 62 to 82 % emergence 23-50 DAS reported by Bellotti and Blair (198~a) from direct 
drilled and herbicide treated or untreated perennial ryegrass, with 65 % viable seed 
establishment 21 DAS from overdrilled 'Nui' (Ryan et al. 1978). The 72.5 % emergence for 
'Matua' found in this experiment is higher than the 11 to 25 % range (40 DAS) reported by 
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Hill (1985) from direct drilling into paspalum pasture. The 38.5 % emergence 34 DAS of 
Maru obtained here is well above that reported by Barker et al. (1988) (range 1-13.3 % 
about 30 DAS) from oversowing with herbicide treatment. The low total germination of 
Maru compared with those of Matua and Nui may partly be attributed to its seed coat 
characteristics which is shiny, non-wetting and the possession of a vapor-gap between seed 
coat and endosperm, which may exert high resistance to water imbibition particularly under 
declining moisture conditions (McWilliam and Phillips, 1971). This is partly supported by 
the fact that the trial was sown in late spring and total germination from an early spring 
sowing (the first experiment) was equivalent to Nui and Matua. 
Germination started half a day earlier under the open canopy than under the closed 
canopy. This may be expected on the assumption that the bare soil under the open canopy 
will have slightly higher temperature than that of the closed canopy (Evans and Young, 
1970; Rosenberg et at. (1983). However, the practical significance of such a difference on 
establishment appears negligible, for it did not seem to have affected total germination let 
alone final establishment. A similar phenomenon appeared to hold for species. For instance, 
the Nui lag period was half that of Matua, but total germination of the former was less than 
that of the latter. Variation in lag time, however, may have some bearing under potentially 
risky conditions. Prolonged delay could render seeds/seedlings susceptible to pathogen 
attack (Culleton and McCarty, 1983) and also expose seedlings to suboptimal conditions 
eventually, thereby reducing establishment. 
Germination rate is often expressed in terms of the time elapsed from sowing until 
a certain fraction of the final germination is attained ( e.g., Charlton et al., 1985Y.In this 
sense it confounds the lag time and rate after germination commences. The approach used 
here treats these aspects separately and thus provides information, among other things, on 
how fast germination proceeds once it has started. Meanwhile days to desired level of final 
germination can be readily retrieved. 
Ability to emerge rapidly is one attribute of seedling vigour and survival, and such 
an attribute has important implications for farmers (Askin, 1990), probably in the choice of 
species and in compounding seed mixtures. In the present experiment Matua's germination 
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proceeded at a significantly slower rate than that of Nui or of Maru. Nevertheless, the rate of 
gennination had no apparent relationship to final germination. It appears that gennination 
rate alone may not be a good index of vigour and/or subsequent survival of the species, at 
least as found in this trial. Thus rate should be considered in conjunction with other factors. 
3.4.2 Survival of emerged seedlings 
In the process of establishment the survival phase is considered to be completed 
when seedlings survive through the first summer as this is the period when highest losses of 
seedlings occur (Campbell and Swain, 1973). Although this experiment was run for slightly 
more than three months, by the end of it the summer was over. Thus the results could be 
characteristic of seedling survival in the establishment process. 
The proportion of ryegrass seedlings surviving under the closed and open canopies, 
three months after sowing, differed by a factor of three (Table 3.4). This result sharply 
contrasts with those of Bellotti and Blair (1989b) from direct drilling and Chapman et al. 
(1985) from oversowing conditions, for the same duration, where survival was similar 
whether resident vegetation was herbicide controlled or not. The differences could partly be 
due to soil moisture status. In the experiment reported here sowing was done in late spring 
when soil moisture deficit built up rapidly despite the 10 mm water applied at sowing. In the ... 
above listed references sowing was done in winter and in early spring. It is probable that, 
under the closed canopy, in addition to the receding moisture, the existing lucerne 
accentuated the deficit in the rooting zone of seedlings causing death by desiccation. 
The survival rate of 'Matua' found here (60 % of sown seeds) agrees well with the 
52 to 68 % (of sown seeds) survival, 67 DAS from Thorn et al. (1989). There is a paucity of 
comparative information on survival of 'Maru' seedlings under similar sowing methods. 
The survival of Matua was unaffected by canopy cover while that of,Nui and Maru 
was three and two times as poor, respectively, under closed compared with the open canopy. 
In order to survive a species must secure adequate amount of the essential growth resources -
water, nutrients and irradiance. To capture these resources the plant has to form a well 
" '. · .. ·.··f·-.• 
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developed root and foliage system. The root growth of Matua under the closed canopy 
condition was comparable to that of Maru from the open canopy but had 20 and 178 % more 
root length density than Nui and Maru under the closed canopy, respectively. Thus, this 
extra root growth may have contributed to the persistence of this species till at least up to 
100 DAS. Furthermore, under the closed canopy, Matua had 74 and 243 % more leaf area 
than those of Nui and Maru, respectively, which under comparable conditions implies that 
Matua could intercept more irradiance than N ui or Maru. These facts suggest that 'Matua' 
had a considerable morphological advantage over Nui and Maru which would enable it to 
access extra growth resources so that it persisted well at least over the fIrst few months. 
The relative importance of the germination/emergence and survival phases varied 
with species and canopy. For Maru, under a closed canopy, germination and survival were 
equally restrictive (61 to 63 % loss of sown seed or emerged seedlings) whereas survival 
under the open canopy was better (only 19 % of emerged seedlings were lost). In Nui only 
survival under the closed canopy appeared to be a serious threat to establishment. Neither 
phase appeared restrictive for Matua at least for the duration monitored, although the poor 
growth response relative to that from the open canopy suggest that long term survival may 
not be insured as such plants are likely to perish (Hoen, 1968b; White and Harper, 1970). 
This implies that the introduced grass is unlikely to contribute significant extra herbage 
above that would be achieved from the existing sward. 
The poor performance of N ui under the closed canopy contrasts with the claim that 
it is fast growing, and that herbicidal control of resident vegetation is not essential for 
establishment (e.g., Chapman et al., 1985). The results from this experiment suggest that the 
need to control resident vegetation should be based on the density of resident sward, and the 
time of sowing with respect to moisture availability. The denser the sward and the later the 
sowing is made away from the optimum time, the lower Will be surviv~ of the seedlings of 
introduced species. Hence adequate control of the resident vegetation may b~ essential if an 
acceptable level of establishment is to be achieved. 
The lower survival rate of Nui and Maru recorded under the closed c.anopy 
conditions appeared to be due to competition from the associated lucerne. This can be 
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evidenced by comparing the relative sizes of plants from the open and closed canopies. All 
growth attributes measured: LA-, DM- tillers per plant and root length density (size) were 
smaller under the closed canopy than the open canopy. Since survival appears to be related 
to plant size it is probable that smaller plants would die off( Hoen, 1968b; White and Harper, 
1970; Bellotti and Blair, 1989b), for they have little buffering capacity to stress. 
3.4.3 Growth of seedlings 
The reduction of root growth under the closed lucerne canopy, in all grasses, 
compared with that from the open canopy agrees with the reduction of root growth in 
response to shading in ryegrass Evans (1971) and in cereals Weilbank et al. (1974) although 
the measurements used here were length rather than mass as in the above references. 
The root length densities measured 46 DAS (2.17 - 4.8 Km m-3) in the top 70 mm 
soil were markedly lower than the 600 km 
m-3 recorded for perennial ryegrass sward to the same depth (Mathew et al., 1986). 
However, their experimental plants were more than two years old compared with the two 
and half month old seedlings measured here. In addition, owing to the time of planting the 
increasing soil temperatures and declining soil moisture may suppress new root formation 
(Garwood,1968). 
The reduced mean tiller number- and DM per plant recorded 100 DAS from 
grasses grown under the closed canopy shows the same trend as that obtained by Bellotti and 
Blair (1989b) and Chapman et al. (1985) for perennial ryegrass from plots where resident 
vegetation was not controlled. Similarly Hill (1985) reported that DM per plant of Matua 
was always greater from herbicide treated than untreated plots. 
Two things are apparent from these results: the results strongly suggest that 
adequate control of resident vegetation is essential to achieve acceptable establishment and 
significant yield contribution from the sown grasses. However, the poor establishment and 
growth of sown grasses in the existing lucerne sward indicated that the existing sward was 
.".' 
45 
still productive. Thus, it is suggested that introduction of grasses may not augment total 
'production and grasses need not be overdrilled so long as the existing lucerne can achieve 
full ground cover by early flowering. A second experiment further investigated over a long 
period establishment of grasses where the resident lucerne was temporarily suppressed. 
" -_.-.". 
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CHAPTER FOUR 
EFFECTS OF SOME MANAGEMENT PRACTICES ON 
ESTABLISHMENT AND SUBSEQUENT PERFORMANCE OF 
PERENNIAL GRASSES DIRECT DRILLED INTO A LUCERNE 
SWARD 
4.1 INTRODUCTION 
As mentioned under the general introduction lucerne is intolerant of poor 
. defoliation management, unfavourable edaphic conditions and pest problems. This together 
with the low regeneration capacity for new plants may lead to rapid stand attrition. Under 
such conditions overdrilling with perennial grasses is usually considered to be a practical 
way of extending the productive life of a lucerne stand which otherwise would be invaded 
by weeds (Vartha, 1967). Nevertheless, establishment of introduced species may often be 
unsatisfactory. Although sowing is normally done when moisture availability is expected to 
be reliable, moisture stress is often implied as one of the most important factors limiting 
establishment of introduced species (e.g., Campbell and Swain, 1973). It was hypothesized 
that maintaining favourable moisture supply in the rooting depth of the introduced species 
would improve establishment. Therefore, irrigation to grass seedling root depth was applied 
to examine the effect of this practice on seedling establishment. 
Though not specifically under overdrilling conditions, seedling diseases (soil- or 
seed borne) have been implicated in poor establishment (e.g., Falloo'n, 1976; Holmes, 1983). 
In Matua low seedling establishment due to soil-borne pathogens has been one reason for 
low acceptance of this species by farmers (Clark, 1985). Therefore, fungicide seed 
treatments were used to evaluate if their effect on establishment. Thus, the objectives of this 
experiment were: 
1 to evaluate effectiveness of irrigation and fungicide seed treatment on the 
establishment of perennial grasses direct drilled into a five year old lucerne 
sward, and 
i···' .. ··· 
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2 to assess the impact of direct drilled grasses on sward composition and l~.{/; 
productivity. 
4.2 MATERIALS AND METHODS 
A description of the experimental site is given in chapter 3. 
4.2.1 Experimental design 
The experimental design was a split plot layout with three replicates. Treatment 
allocations were as follows: 
Main plots - irrigation 
1) Irrigated 
2) Unirrigated 
Subplots - a factorial combination of species and fungicide 
1. Lolium perenne L. cv. 'Grasslands Nui' (low endophyte) thiram treated (4 g 
a.i. per 1 kg seed) 
2. 'Grasslands Nui' (low endophyte) untreated 
3. Bromus willdenowii Kunth. cv. 'Grasslands Matua' carboxin (1 g a.i. per kg 
seed) plus thiram treated 
4. 'Grasslands Matua' carboxin only 
5. Phalaris aquatica L. cv. 'Grasslands Maru' thiram treated 
6. 'Grasslands Maru' untreated 
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Plot size was 6 m by 2 m, with a 20 cm gap between adjacent plots (subplots) and 
an 8 m gap between main plots. 
Irrigation was applied to wet the grass rooting zone only. Thus since roots of grass 
seedlings did not penetrate deeper than 10 cm for the first five months (11/09/89 to 
20/01/90), irrigation was applied when deficit in the top 10 cm of soil reached 7 mm (about 
75 % of 'field capacity' (FC». After late January, however, grass roots were observed 
deeper than 10 cm hence irrigation was applied when the deficit in the top 20 cm of the soil 
reached 13 mm (again 75 % of FC). 
4.2.2 Plot preparation for overdrilling 
The residentlucerne was sprayed with paraquat at 200 g a.i. in 250 liters of water 
ha- 1. A week after spraying, the lucerne pasture was hard grazed (residual herbage mass 
500-700 kg DM ha-1) by sheep before it was overdrilled with grasses. M"<...-? 1, l \ ~ l'~, 
The grasses were overdrilled onto the sprayed and grazed lucerne stubble using a 
Duncan '701 Seedliner' fitted with"10086 Overdrilling Point' drill open1Inter-drill row 
spacing was 15 cm. The sowing rate was calculated to achieve an equal number of grass 
seedlings (300 m-2) for each species using the information given below: 
Species 
Nui 
Maru 
Matua 
germination 
(%) 
93 
44 
46 
1000-seed weight 
(g) 
2.13 
1.68 
9.51 
A safety allowance of 10 % was added. 
No.of seeds kg-1 
c.469,500 
c.595,200 
c.105,100 
The resulting seed rates were 8, 13 and 69 kg ha- 1 for Nui, Maru and Matua, 
respectively. Following overdrilling, seeds were covered using a roller. Drilling depth averaged 
18 mm, as assessed by random measurement of drill groove depth. In two of the three replicates 
j'." 
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drilling was done across the lucerne rows whereas in the third replicate, grasses were drilled 
parallel to the lucerne row. This sowing pattern was a consequence of .space limitation. 
4.2.3 Husbandry 
The initial growth of the overdrilled grasses and of the existing lucerne was removed 
using a tractor mounted rotary mower 52 DAS. Subsequent regrowths were hard grazed (residual 
herbage mass 500 - 700 kg ha-1) by sheep whenever the lucerne reached approximately early 
flowering stage. There were five grazing events until mid-spring 1990 although lucerne did not 
reach flowering stage by the mid-winter 1990 grazing. 
4.2.4 Measurements 
4.2.4.1 Temperature 
In situ temperature recording was made using an automatic data logger (Model CR21, 
Campbell Scientific Inc., Logan, Utah). Three thermisters were used. Two of these measured soil 
temperatures in irrigated and unirrigated blocks. The other measured air temperature. Thermisters 
for soil temperature recording were placed at 3 cm depth close to where the germinating seeds 
were situated. The thermister for measuring air temperature was placed at 10 cm above ground 
covered with a Stevensen screen. Recording of minimum, maximum and mean temperatures was 
done at an hourly interval. 
4.2.4.2 Seedling population 
Seedling emergence and subsequent survival were monitored for the fist 10 months 
following overdrilling. Counts of seedling populations were made fr()m two randomly chosen 
locations in each plot giving a total area of 0.36 m2. 
I _-.t -':~.r._. 
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4.2.4.3 Leaf area and DM per plant 
I 
Because the lucerne stand was not unifonn, there was an opportunity to evaluate the ! 
relative effect of canopy closure and irrigation treatments on the growth of the overdrilled 
grasses. Therefore, at 40 DAS, leaf area and DM per plant samples were taken from each plot 
from the closed canopy sites (where irradiance interception by the combined lucerne/grass 
canopy was ~ 85 %) and from the open canopy sites (where the combined grass/lucerne canopy 
intercepted between 50 - 75 % of the incoming radiation). The resulting data were analysed using 
a split-split plot treatment structure where irrigation treatments were main plots; species were 
subplots and canopy closures were sub-subplots. Since the fungicide effect was nonsignificant, 
" ,- I'; 
fungicide treatments were used to increase effective replication. 
, . 
4.2.4.4 Dry matter production 
! 
Dry matter accumulation of grass seedlings was assessed 50 DAS, from a 0.09 m2 
quadrat cut from each plot. At each grazing event, DM production of both grass and lucerne was I,·· 
estimated by destructive sampling from two randomly chosen sites in each plot. Each sampling 
area was 0.18 m2. Samples were obtained by cutting to the ground level using hand shears. The 
samples were sorted into grass, lucerne, and weed. Samples were dried to a constant weight at 80 
o 
C and weighed. 
4.2.4.5 Botanical composition during winter 
Botanical composition data were collected during winter (01/08/90) non-destructively 
using a ten pin point quadrat. Samples were taken at ten random positions (Le., 100 contact 
points) in each plot. ','-' 
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4.2.4.6 Root growth assessment 
Root growth of the introduced grass seedlings was assessed for the first four months. 
Sampling for root growth evaluation was made using a hand operated steel corer with a 78 mm 
internal diameter. Sampling was made on four occasions: the first two were taken from the top 
50 mm soil layer while in the latter two sampling depth was 100 mm. Root samples were washed 
i 
by placing them in a sieve with a ib.4 mm aperture size. The washed root samples were dried to 
I ,I 
constant weight and weighed. 
4.2.4.7 Potential soil moisture deficit 
Soil moisture deficit was calculated based on daily water input and output from the 0-10 
cm soil layer for the first five months and in the 0-20 cm soil layer from then until experiment 
was terminated. Daily soil moisture deficit was calculated from Penman (1970) as: 
D = Et + Dr - (R + Ir) 
where 
D daily potential soil moisture deficit (the difference between water content at Fe and 
the current day water content), 
Rand Ir are rain and irrigation, respectively, and 
Et and Dr are evapotranspiration and drainage, respectively. 
It was assumed that surface run off was negligible and was therefore not 
accounted for although it might be substantial when heavy rain falls following hard grazing. 
Estimates of daily Et were obtained from the Lincoln University meteorological 
station recorded about half a kilometre away from the trial site. When the sward had 
complete ground cover the value of Et was directly used to calculate soil mbisture deficit. 
But following grazing there was no full canopy and three quarters of daily pan evaporation 
value was used to calculate the deficit until about 70 % ground cover was attained. 
f··>·· .. 
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At the time of sowing in early spring, the soil was considered to be at or near 
'field capacity'. Thus the total water holding capacity of the top 10 cm soil was determined 
by taking 24 samples directly. However, later in the season when the roots of the grasses 
were penetrating deeper than 10 cm, and the soil was getting drier, total water holding 
capacity of the soil in the top 20 cm was determined volumetrically after flooding 1 m2 plot 
at eight different positions in the site. 
4.2.3 Statistical analysis 
Seedling numbers were analysed using the original design. However, since 
fungicide treatments had no effect either on seedling population or early seedling DM yield, 
subsequent analyses were modified. Thus DM yields which included comparisons of pure 
lucerne and combined grass-lucerne did not include fungicide treatments. But where 
comparisons were among grasses only, fungicide treatments were included in the analyses to 
capitalize on the additional degrees of freedom that accrue from the in<;?lusion of treatments. 
Analysis of covariance was done on the root data using number of plants making up 
a root sample as a covariate. The analysis was carried out using the Genstat program version 
4.03 (1980). This program was also used to analyse data from irrigation, species and canopy 
treatments which were analysed in a split-split plot treatment structure. For other variates 
analysis of variance was done using the SAS program (SAS, 1990). 
On most of the data where statistical analyses were done, the following information 
is given: standard error of mean difference (sed), coefficient of variation (cv %), degrees of 
freedom (df), number of replicates making up a treatment mean (n), and significance. The 
botanical composition data were analysed as a four-variate response over irrigation and 
species treatment combinations. The original split plot design was considered as an 
orthogonal 3 (replicates) * 6 (irrigation by species combinations) multivariate randomised 
complete block design ( Gittins, 1979). Since the results from the multivariate analysis 
rejected the null hypothesis that the treatment combinations had similar proportional 
composition, canonical variate analysis (eVA) was used to 'choose linear compounds of the 
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multivariate response which demonstrate the greatest inconsistency between the null 
hypothesis and the data' (Chatfield and Collins, 1980) though this did not mean CVA was 
the only method for further analysis. 
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4.3 RESULTS 
4.3.1 Growing conditions during seedling emergence 
Soil temperatures recorded (3 cm below soil surface) during seedling emergence 
did not vary between irrigated and unirrigated plots. The maximum difference between 
irrigated and dryland plot temperatures, at any specific day, was less than 1 0 C (Figure 4.1). 
Soil temperatures in the irrigated and dryland plots fluctuated over a similar range (8.5 - 13.7 
o C). Air temperature (10 cm above ground) was generally lower than both the dryland and 
the irrigated soil temperatures (Figure 4.1). 
Potential soil moisture deficit in the top 10 cm of soil was consistently higher in the 
unirrigated than in the irrigated plots (Figure 4.2). A difference in soil moisture deficit 
between unirrigated and irrigated plots occurred as early as 10 days after sowing (DAS) and 
continued so for about four weeks. By then the potential soil moisture deficit from the 
dryland plots reached 36 mm whereas that from the irrigated plots was 7 mm. Subsequently, 
however, differences were reduced (Figure 4.2) due to rainfall. 
4.3.2 Seedling emergence 
Seedling emergence in all grasses reached the maximum level about 34 DAS. 
Irrigation increased seedling emergence by about 19 % (Table 4.1). That difference, though 
substantial, was not significant (p > 0.05) owing to the small number of degrees of freedom 
(Table 4.1). 
Species differed significantly (p < 0.001) in maximum seedling emergence. The 
maximum number of Maru seedlings emerged was 42 and 54 % more than those of Matua 
and Nui, respectively (Table 4.1). The latter two, however, did not differ s,ignificantly. In all 
species emergence was higher than planned. This was particularly so in Maru which had 66 
% more seedling emergence than was expected from a laboratory gennination test. 
Fungicide seed treatment had no influence on seedling emergence. 
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Table 4.1 
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Effects of irrigation and fungicide seed treatments on maximum 
seedling emergence (34 DAS) of three grass species overdrilled into 
paraquat sprayed and hard grazed lucerne stubble. 
treatment 
Irrigation 
irrigated 
unirrigated 
sed~ 
cv~ 
df~ 
n~ 
p~ 
Species 
Nui· 
Matua 
Maru 
sed 
tv 
n 
df 
p 
Fungicide 
treated 
untreated 
sed 
cv 
n 
df 
p 
Interaction 
seedlings m-2 
424 
357 
25 
8 
2 
18 
ns 
323 
351 
497 
21 
13 
12 
20 
< 0.001 
387 
394 
17 
13 
18 
20 
ns~ 
ns 
11 cv, coefficient of variation (%); df, degrees of freedom; n, number of replications 
making up a treatment mean; p, probability; ns, non significant at 5 %; sed, standard error 
of means difference. 
4.3.3 Weather during the experiment period 
The 1989 season was generally warmer than the long term average (Figure 4.3). 
Rainfall in September and November was 66 and 57 % of the long term mean, respectively. 
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In October and December, however, 100 and 58 % more rain fell than the long term mean, 
respectively (Figure 4.4). Monthly rainfall during 1990, except August and September, was 
substantially lower than the long term averages (Figure 4.4). The 1990 season was warmer 
than the long term means except in September and October (Figure 4.4). Overall during 
most of the experimental period from late spring (November '89) through to mid winter 
(July '90) the season was slightly warmer but rather drier than the respective long term 
means. 
4.3.4 Soil moisture deficit during the experiment 
Potential soil moisture deficit during the experiment increased considerably in the 
unirrigated block (Figure 4.5). The deficit built up rapidly from 31 October onwards and 
reached about 300 mm by early March. The maximum deficit in the irrigated plots was 36 
mm. 
4.3.5 Seedling survival 
The pattern of seedling survival was not influenced by moisture (Figure 4.6). The 
proportions of seedlings which survived 250 DAS in the irrigated and the dryland plots were 
11 and 11.6 % of the maximum emerged, respectively (Figure 4.6). However, at any point in 
time, more seedlings appeared to survive in the irrigated than in the dryland plots from 40 
DAS onwards. 
All species showed a steady decline in seedling density from the time of maximum 
emergence (34-40 DAS) until 168 DAS; thereafter seedling density stabilised at about 28, 
44, and 60 plants m-2 for Nui, Maru, and Matua, respectively (Figure 4.7). The proportion of 
--
, ~::~.-~:~~'-': 
seedlings which became established 247 DAS, as percent of maximum emergence, was 9 % L> .. -
for both Maru and Nui, and 17 % for Matua. 
o ~ • &:::::: ::::A &1 
40 
-~ 80 ...., -0 
~ 120 
." 
at 
3 
-; 160 
"0 
E 
: 200~ • Irrigated 
6. dryland 
.! 240 0 
~ 
280 
320 I~ 1~ ~ 30 
Sep 
1989 
31 
Oct 
16 
Nov 
6 21 
Dec 
20 
Jan 
1990 
Figure 4.5 Potential soil moisture deficit during the experimental period 
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4.3.6 Shading of grass seedlings by lucerne between seedling emergence 
and SO DAS 
Shading of grass seedlings from the tall lucerne canopy varied among species and 
irrigation treatments. At 35 DAS , i.e., at maximum seedling emergence, the lucerne 
component of the irrigated lucerne/Matua mixture had already reduced the irradiance 
reaching the surface of the Matua seedlings to 78 % of that incident at the top of the mixed 
canopy. Meanwhile the lucerne component from the rainfed lucerne/Maru mixtures reduced 
the irradiance reaching the surface of Maru seedlings canopy to 6S % of that incident at the 
top of the mixed sward. Shading from the lucerne on the other treatment combinations was 
within these extremes. Generally grasses from the dryland plots suffered more shading than 
their counterparts from-the irrigated plots (Figure 4.8). 
4.3.7 Seedling growth of sown grasses 
4.3.7.1 Seedling dry matter per plant 
Irrigation increased seedling DM per plant by 68 % (Table 4.2). That difference 
was insignificant because of the small degrees of freedom. 
Dry matter per plant varied in a highly significant (p < 0.001) manner between 
species. Likewise, canopy closure had a highly significant effect on DM per plant of the 
grasses (Table 4.2). However, there were significant interactions (Table 4.2). 
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Table 4.2 
64 
Effects of irrigation and canopy closure on the growth of seedlings of 
three grass species 40 DAS. 
Treatment 
Irrigation 
unirrigated 
irrigated 
sed 
cv 
df 
n 
p 
Species 
Nui 
Matua 
Maru 
sed 
df 
n 
cv 
p 
Canopy 
closed 
open 
sed 
df 
n 
cv 
p 
Interactions 
Irrigation * species 
Irrigation * canopy 
canopy * species 
DMperplant 
(mg) 
10.76 
18.09 
2.72 
23 
2 
18 
ns 
15.15 
19.21 
8.93 
1.41 
8 
12 
17 
<0.001 
5.05 
23.81 
1.79 
12 
18 
37 
<0.001 
ns 
p <0.01 
p <0.05 
I_ 
I 
,.' 
i 
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Under rain fed conditions, DM per plant from the open canopy was four times that 
from the closed canopy. Applying irrigation further increased the difference to fivefold 
(Table 4.3). The data also suggested that moisture had less effect than canopy closure on the 
growth of grass seedlings. Irrigation increased seedling growth by about 76 % when light 
was not limiting (under the open canopy). When light was limiting (under the closed 
canopy), applying irrigation had a much smaller influence on seedling growth (Table 4.3). 
Table 4.3 
sed 
Interaction of irrigation and canopy closure on seedling growth (mg 
DM per plant) 40 DAS. 
Irrigation Canopy closure 
unirrigated 
irrigated 
3.26 
closed 
4.29 
5.8 
open 
17.24 
30.39 
for comparing differences in seedling growth between irrigation 
treatments within or between canopies 
2.54 for comparing differences between canopies within one moisture 
regime. 
cv 37 
df 12 
n 9 
Dry matter accumulation of all grass seedlings was enhanced under the open 
canopy compared with the closed canopy. Thus Nui, Maru and Matua under the open canopy 
spots accumulated 294, 353, and 466 % more DM than under the closed canopy, 
respectively (Table 4.4). Differences in DM per plant among species were sIgnificant only 
under the open canopy, i.e., species differed in growth when light was not limiting but not 
when light was limiting (Table 4.4). 
Table 4.4 
canopy 
closure 
closed 
open 
sed 
cv 
3.11 
66 
Interaction between canopy closure and species on seedling growth (mg 
DM per plant) 40 DAS. 
Nui 
6.13 
24.16 
species 
Matua 
5.77 
32.64 
Maru 
3.23 
14.64 
for comparing seedling growth differences from the open and closed 
canopies for the same species; 
2.61 for comparing any two species means within or between canopies. 
37 
df 12 
n 6 
4.3.7.2 Leaf area per plant of the overdrilled grasses seedlings 
While irrigation did not affect leaf area per plant, both species and canopy closure 
had highly significant (p < 0.001) effects on leaf area per plant (Table 4.5). 
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Table 4.5 
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Effects of irrigation and canopy closure on leaf area per plant (40 DAS) 
of three pasture grass species. 
Treatment 
Irrigation 
unirrigated 
irrigated 
sed 
df 
n 
p 
Species 
Nui 
Matua 
Maru 
sed 
df 
n 
cv 
p 
Canopy 
closed 
open 
sed 
df 
n 
cv 
p 
Interactions 
Irrigation * species 
Irrigation * canopy 
Canopy * species 
leaf area per plant 
(cm2) 
5.3 
6.8 
0.55 
1 
12 
ns 
4.2 
10.5 
3.4 
0.44 
4 
8 
10 
< 0.001 
2.7 
9.4 
0.55 
6 
12 
22 
<0.001 
p < 0.05 
ns 
p <0.01 
I'i.-::' >.'~ 
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All species from the open canopy had significantly more leaf area per plant than 
those from the closed canopy (Table 4.6). The differences between the canopies ranged from 
threefold in Nui to about fivefold in Maru. 
In addition there were significant leaf area per plant differences between species in 
both canopies (Table 4.6). Matua produced 129 and 157 % more leaf area per plant than Nui 
and 300 and 184 % more leaf area per plant than Maru under the open and closed canopies, 
respectively (Table 4.6). Nui and Maru did not differ within the same canopy, though under 
the open canopy Maru had significantly more leaf area per plant than Nui from the closed 
canopy and vice-versa (Table 4.6). 
Table 4.6 
Canopy 
closed 
open 
sed 
cv 
n 
df 
Interaction between canopy closure and species on leaf area per plant 
(cm2)40 DAS. 
0.96 
Nui 
2.1 
6.3 
species 
Matua 
4.8 
16.2 
Maru 
1.2 
5.7 
for comparing lea.~a1'ea~per plqI1J~differencesfromthe open and 
..c-losed-eanopies within a species; 
0.8 to compare any two species means within or between canopies. 
22 
4 
6 
Under rainfed conditions Matua produced 368 and 294 % more leaf area per plant 
than Maru and Nui, respectively. Although irrigation appeared to reduce\that disparity, 
Matua still had 124 and 80 % more leaf area per plant than Maru and Nui, respectively 
(Table 4.7). Irrigation doubled leaf area per plant of Maru and Nui but had no effect on 
Matua. 
Table 4.7 
Irrigation 
unirrigated 
inigated 
sed 
cv 
n 
df 
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Interaction of irrigation by species on leaf area (cm2) per plant 40 DAS. 
Nui 
2.73 
5.65 
Species 
Maru 
2.3 
4.57 
Matua 
10.77 
10.22 
0.62 for comparing differences between species within or between 
inigation treatment(s); 
0.74 . for comparing dry land and irrigated means within or between 
species. 
10 
4 
4 
4.3.7.3 DM production of sown grasses at 50 DAS 
The grasses seedlings from the irrigated plots produced 60 % more DM m-2 than 
those from the unirrigated plots (Table 4.8). There were highly significant differences (p < 
0.001) due to species. Matua produced 36 and 22 % more DM than Nui and Maru, 
respectively (Table 4.8). 
Fungicide seed treatment did not affect ( p > 0.05) seedling DM production. 
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Table 4.8 
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Effects of irrigation and fungicide seed treatment on the growth (g DM 
m-2) 50 DAS of three grass species overdrilled into paraquat sprayed 
and hard grazed lucerne. 
treatment 
Irrigation 
unirrigated 
irrigated 
sed 
cv 
n 
df 
p 
Species 
Nui 
Maru 
Matua 
sed 
cv 
n 
df 
p 
Fungicide 
treated 
untreated 
sed 
cv 
n 
df 
p 
Interactions 
gDMm-2 
4.3 
6.87 
0.21 
4.7 
18 
2 
<0.01 
5.37 
4.83 
6.55 
0.35 
15.4 
12 
20 
< 0.001 
5.44 
5.73 
0.29 
15.4 
12 
20 
ns 
ns 
4.3.8 Root growth of grass seedlings 
Root growth of grass seedlings was assessed on four occasions i~ the first four 
months following sowing. No treatment affected grass seedling root growth at 25 DAS. 
However, at 40 DAS irrigation increased root mass by 57 %. Matua produced 24 and 46 % 
more root DM than Nui and Maru, respectively (Table 4.9). 
----
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Table 4.9 Seedling root growth (g DM m-3 soil) in the first four months following 
sowing. 
Treatments Sampling dates 
(25 DAS) (40DAS) (80DAS) (118 DAS) 
Irrigation 
unirrigated 28 42 206 314.5 
irrigated 30 66 311 420.6 
sed 1.6 1.2 15.5 12.7 
cv 6.9 1.8 5.5 3 
P ns <0.05 0.08 0.08 
df 1 1 1 1 
n 18 18 18 18 
Species 
Nui 31 52.5 208 303 
Matua 30 65 342 442 
Maru 26 44.6 225.4 358.2 
sed 2.44 2.74 15.5 31.1 
cv 20.8 11.9 12.7 20.3 
P NS <0.001 <0.001 <0.001 
df 19 19 19 19 
n 12 12 12 12 
Fungicide 
nil 28 54 248 369.4 
treated 30 54.1 269 366 
sed 2.0 2.2 13.7 25.1 
cv 20.5 12 12.7 20.3 
P NS NS NS NS 
n 18 18 18 18 
df 19 19 19 19 
Interaction 
Irrigation * species ns 0.06 <0.001 ns 
Other interactions ns ns ns ns 
Although irrigated seedlings, 80 DAS, had 50 % more root mass density than the 
seedlings from the unirrigated plots, that increase was nonsignificant due to the unit degree 
_,- __ , __ ,L 
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of freedom. The differences between species were, nevertheless, highly significant. 
However" there was a highly significant species by irrigation interaction (Table 4.9). 
About four months after overdrilling grass seedlings from the irrigated plots 
produced 34 % more root DM than those from the unirrigated plots although this was not a 
statistically significant difference. Differences between species were, however, highly 
significant (Table 4.9). Thus, Matua produced 46 and 23 % more root mass than Nui and 
Maru, respectively whereas Nui and Maru had similar root mass density. 
Nui produced slightly more root mass than Maru at early seedling stages (25 and 40 
DAS) but the situation was reversed at the latter sampling stage (118 DAS) (Table 4.10). 
Matua on the other hand had consistently more root mass than either of Nui or Maru 
especially from the 40 DAS. 
Fungicide se~d treatment had no effect on root growth of overdrilled grasses at all 
sampling stages. 
Under dryland conditions Matua produced 123 and 64 % more root DM than Maru 
and Nui, respectively; Nui also produced 35 % more root mass than Maru (Table 4.10). All 
species produced more root DM under irrigation than under dryland condition. However, 
irrigation increased root mass of Maru by 134 % whereas in both Nui and Matua the increase 
in root growth due to irrigation was only 28 %. Consequently, under irrigation, root mass of 
Maru was 36 % more than that of NuL Despite this large increase"root mass of Maru was 
only 82 % of that of Matua under irrigation (Table 4.10). 
-' ' .. :,' 
Table 4.10 
Irrigation 
unirrigated 
irrigated 
sed 
sed 
21.1 
20.8 
cv 12.7 
df 19 
n 19 
73 
Interaction of irrigation and species on root growth (g DM m-3) 80 
DAS. 
Nui 
182.8 
233.0 
Species 
Maru 
134.9 
316.0 
Matua 
300.2 
383.8 
for comparing differences between any two species with in the 
same moisture level; 
for comparing differences between moisture levels within or 
between species. 
4.3.9 Dry matter yield 
4.3.9.1 Yield of the overdrilled grasses 
The yield of overdrilled grasses from the irrigated plots was consistently higher 
than that from the dryland plots at all grazing dates (Table 4.11). Although DM yield of the 
overdrilled grasses from the first regrowth grazing (6/12/89) following mowing was 
generally very small, the response to irrigation (300 %) was highly significant (p < 0.01). 
Matua produced 100 % more (p < 0.001) DM than either Maru or Nui (Table 4.11). 
Irrigation, though stopped at the beginning of March, had a persistent effect and the 
previously irrigated grasses in the mid June grazing yielded significantly more (p < 0.01) 
DM than the unirrigated ones. Irrigation also increased cumulative yield (6/12/90-15/6/90) 
74 
by 533 % (Table 4.11). The greatest source of this difference came from the early autumn 
(8/3/90) harvest. 
Species showed highly significant yield differences both at each grazing harvest 
and in cumulative yield (Table 4.11). However, there were highly significant irrigation by 
species interactions for dry matter yield in all but the December grazing (Table 4.11). 
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All the overdrilled grasses during the second grazing (12/1/90) produced more DM ~g:{; 
under irrigation than under dryland condition. Applying irrigation more than quadrupled, 
trebled and doubled DM yields of Maru, Nui and Matua, respectively (Table 4.12). Under 
both moisture regimes, Matua produced more DM than either Nui or Maru. The differences 
between Matua and Nui or Maru were more apparent under dryland than under the irrigated 
plots (Table 4.12). 
In early autumn, (8/3/90), all the overdrilled grasses from the unirrigated plots did 
not produce harvestable growth with the exception of Matua which only 70 kg DM ha-1. 
Under irrigation, Matua yielded 12.8 and 1.8 times (p < 0.001) DM of Nui and Maru, 
respectively (Table 4.12) 
Although irrigation was last applied on 5/3/90, there was a moisture by species 
interaction in the mid autumn to early winter grass growth. All the grasses from the 
previously irrigated plots produced significantly more DM than from the dryland plots 
(Table 4.12). Previous irrigation appeared to have a larger effect on the growth of Maru than 
on either Nui or Matua. Thus previous irrigation increased the growth of Maru sevenfold 
compared with about a twofold increase for both Matua and Nui (Table 4.12). Despite this 
huge response, however, yield of Maru was only 50 % of that of Matua from the previously 
irrigated plots. 
Table 4.12 Interaction of irrigation and species on grass yield (t DM ha-1) at three 
sampling dates. 
12/01/90 08/03/90 15/06/90 
Species rainfed irrigated rainfed irrigated rainfed irrigated 
Nui 0.06 0.21 0.0 0.24 0.08 0.2 
Maru 0.07 0.33 0.0 1.71 0.07 0.51 
Matua 0.29 0.62 0.07 3.08 0,49 0.97 
sed 0.02§ 0.05§ 0.03§ 
0.01~ 0.04~ 0.02~ 
cv 12.6 10.5 10:7 
n 6 6 ' 6 
df 20 20 20 
§for comparing differences between two species within irrigation treatment, and 
~for comparing differences between the irrigated and dryland plot yields within or 
between species. 
,'r:-:.:.-;- " 
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Matua significantly outproduced the other species in either moisture regime (Table 
4.12). The early winter yield of Matua from the rainfed plots was more than twice that of 
Nui from the irrigated plots but was equivalent to the yield of Maru from the previously 
irrigated plots. Under dryland conditions, Matua yielded about seven times that of Nui or 
Maru, but from the previously irrigated plots the differences were reduced to five- and two-
fold, respectively (Table 4.12). Maru and Nui had similar growth under dryland condition. 
However, when irrigated, Maru produced 150 % more than Nui (Table 4.12). 
\ 
Table 4.13 Interaction of moisture and species on cumulative grass yield (t dm 
ha-1) in the establishment year . 
. Irrigation 
unirrigated 
irrigated 
sed 0.07 
0.11 
cv 7.5 
n 6 
df 20 
Nui 
0.17 
0.80 
Species 
Maru 
0.22 
2.71 
Matua 
0.97 
4.96 
for comparing differences between two species within a 
moisture; 
for comparing differences between dryland and irrigated plot 
yields within or between species. 
The cumulative yield of Matua, Nui and Maru under irrigation was 4-, 5- and 12-
\ 
times that of the respective species yields from the rainfed plots (Table 4.13). The 
cumulative yield of Matua under both moisture conditions was significantly higher than that 
of the other cultivars. Matua and N ui had similar magnitudes of yield differences under both 
77 
moisture regimes (.., 6-fold). The disparity between Maru and Matua was, however, bridged 
from 300 % under dryland condition to about 50 % under irrigation (Table 4.13). 
The cumulative yields of Maru and Nui were similar under dryland condition. 
When irrigated, however, Maru outproduced Nui by more than 230 % (Table 4.13). 
4.3.9.2 Yield of the existing lucerne 
Irrigation significantly increased the yield of lucerne in all but the early winter 
grazing date (Table 4.14). Overdrilling lucerne with grasses did not have a consistent effect 
on the productivity of the resident lucerne across all grazing dates. Thus, in the first 
(6/12/89) and early winter (15/6/90) grazing dates, the yield of lucerne in mixture with the 
grasses was similar to" that of the pure lucerne, but significant differences occurred in the 
January and March grazing dates; however, there were significant irrigation by species 
interactions in the latter grazing dates and for total yield, as well (Table 4.14). 
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Table 4.14 
Treatment 
Irrigation 
uoirrigated 
Irrigated 
sed 
cv 
df 
0 
P 
Species 
Nui 
Maru 
Matua 
Lucerne 
sed 
cv 
df 
0 
P 
Interactions 
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Influence of overdrilled grasses and irrigation on the yield (t DM 
ha-1) of the existing lucerne. 
Harvest dates 
6/12/89 12/1/90 8/3/90 15/6/90 total 
4.37 2.75 0.85 0.54 8.52 
5.56 3.53 4.1 0.59 13.76 
0.07 0.06 0.05 0.03 0.18 
1.9 2.9 2.8 6.5 2 
2 2 2 2 2 
12 12 12 12 12 
<0.01 <0.01 <0.001 os <0.01 
5.16 3.20 3.10 0.56 12.05 
4.91 2.98 2.21 0.56 10.75 
4.73 2.72 1.71 0.54 9.71 
5.00 3.66 2.81 0.58 12.03 
0.1 0.21 0.14 0.04 0.23 
5.1 11.8 9.6 10.6 5.1 
12 12 12 12 12 
6 6 6 64 12 
os <0.01 < 0.001 os < 0.001 
os <0.05· < 0.001 os <0.001 
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The growth of lucerne from the unirrigated plots was similar whether grown as a 
pure sward or in mixture with any of the grasses. When irrigated, however, lucerne yield 
from the lucerne-Matua and lucerne-Maru mixtures was significantly lower than that either 
from the pure or the lucerne-Nui mixture yield (Table 4.15). 
In the January harvest irrigation significantly increased the yield of lucerne from 
both the pure and lucerne-Nui mixtures; but not that from either Matua or Maru (Table 
4.15). 
The presence and magnitude of the lucerne response to irrigation was influenced by 
the associated grass species. Thus lucerne growth in mixture with Matua or Maru did not 
respond to irrigation in the January harvest but did so in a pure sward state or in mixture 
with NuL In early March lucerne responded significantly to irrigation but the degree of 
response of lucerne to irrigation was significantly less in mixture with Matua and Maru than 
from either pure lucerne or in mixture with Nui (Table 4.15). 
Table 4.15 Interaction of irrigation and sward type on the lucerne yield in January and 
early autumn and on cumulative yield during the establishment year. 
12/01/90 08/03/90 Total 
Sward rainfed irrigated rainfed irrigated rainfed irrigated 
type 
Nui-
lucerne 2.69 3.72 0.9 5.3 8.73 15.36 
Maru-
lucerne 2.68 3.27 0.81 3.61 8,41 13.1 
Matua-
lucerne 2.7 2.71 0.76 2.66· 8.22 11.21 
Pure-
lucerne 2.94 4.37 0.93 4.69 8.72 15.35 
sed 0.30~ 0.19~ 0,46~ 
0.27§ 0.11 § 0.17§ 
cv 11.8 9.6 5.1 
df 12 12 12 
n 3 3 3 
~for comparing yields of lucerne between any two sward types within the same moisture 
regimen, and 
§for comparing differences between irrigated and dryland plot lucerne yields within or 
between sward types 
!.-~.' 
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At the early autumn harvest DM -yield of lucerne from the un irrigated plots did not 
differ significantly between sward types. Applying irrigation, however, caused a significant 
reduction of lucerne growth from lucerne/Maru and Matua/lucerne but not from the 
Nui/lucerne mixtures (Table 4.15). 
Irrigation increased yield of lucerne in all mixed swards and also the pure sward. 
The increments were more than 5-fold in pure lucerne and in Nui/lucerne mixture, 4-fold in 
lucerneIMaru and more than 3-fold in Matua/lucerne mixtures (Table 4.16). The yields of 
lucerne in mixture with Matua and Maru were 56 and 80 % of the pure sward yields, 
respectively (Table 4.15). 
Total yield of lucerne was similar from all sward types. when not irrigated. Under i: 
irrigation the total yields of lucerne from lucerneIMatua and lucerneIMaru mixtures were 
significantly less than that either from the pure lucerne or lucerne/Nui mixture. The 
reduction in total lucerne yield was more severe in mixture with Matua (27 %) than with 
Maru (15 %) (Table 4.15). 
4.3.9.3 Lucerne/grass mixture yields 
Irrigation significantly increased yields of lucerne/grass mixtures at all grazing 
dates. Consequently, the grand total of lucerne/grass mixtures from the irrigated plots during 
the establishment year was 85 % more (p < 0.001) than that from the unirrigated plots (Table 
4.16). The single most important source of difference in grand total yield was the large 
response to irrigation during the late summer/early autumn (8/3/90) (Table 4.16). 
Table 4.16· 
Treatment 
Irrigation 
unirrigated 
irrigated 
sed 
cv 
n 
df 
P 
Sward type 
pure 
lucerne 
Matua-
lucerne 
Maru-
lucerne 
Nui-
lucerne 
sed 
cv 
df 
n 
p 
Interaction 
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. Yields (t DM ha-1) of lucerne/grass mixtures and pure lucerne at 
different grazing dates and grand total yield. 
grazing dates 
6/12/89 20/1/90 8/3/90 15/6/90 grand 
total 
4.44 2.89 0.87 0.75 8.96 
5.78 3.92 5.77 1.15 16.61 
0.04 0.07 0.06 0.04 0.15 
1 2.7 2.5 5 18.6 
12 12 12 12 12 
2 2 2 2 2 
<0.001 <0.01 <0.001 <0.05 <0.001 
5.0 3.66 2.81 0.58 12.05 
4.97 3.18 3.27 1.28 12.7 
5.01 3.18 3.08 0.85 12.12 
5.17 3.33 3.22 0.70 12.52 
0.12 0.21 0.12 0.03 0.32 
4.1 11 6.7 6.2 4.5 
12 12 12 12 12 
6 6 6 6 6 
ns ns <0.01 <0.001 ns 
ns ns <0.01 <0.001 ns 
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- The lucerne/grass mixture yields in the first four months ( 6/12/89 and 12/1/90 
harvest), after overdrilling, did not differ from the pure lucerne yield. Subsequently (late 
January and mid June), however, small but significant yield differences occurred (Table 
4.16). Nevertheless, lucerne overdrilling with the perennial grasses had no significant effect 
on total yield in the establishment year, which averaged about 12.3 t DM ha- l . There were, 
however, significant irrigation by sward type interactions in the March and June grazing 
dates. 
Table 4.17 
Sward type 
Nui-Iucerne 
Maru-Iucerne 
Matua-Iuceme 
Pure lucerne 
sed 
cv 
df 
n 
The interaction of irrigation by sward type on lucerne/grass mixtures 
and pure lucerne yields (t DM ha-1) in early autumn and early winter. 
8/03/90 
unirrigated 
0.9 
0.81 
0.82 
0.93 
irrigated 
5.54 
5.35 
5.72 
4.69 
0.17~ 
0.11§ 
6.7 
12 
3 
15/06/90 
unirrigated 
0.62 
0.61 
1.04 
0.54 
irrigated 
0.8 
1.09 
1.52 
0.62 
0.04~ 
0.042§ 
6.2 
12 
3 
~for comparing differences in total DM yield between any two sward types within the 
same moisture regimen, and 
§for comparing dryland and irrigated plot total yields within or between sward types. 
All sward types had similar yields under unirrigated conditions. Under irrigation, 
however, all the lucerne/grass mixtures produced significantly more DM than the pure 
--'-
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lucerne (Table 4.17). During late summer/early autumn, irrigation increased yields of Nui-, G:;E~ 
and Maru-Iucerne mixtures by about sixfold and those of Matua-Iucerne and pure lucerne by 
seven and fivefold, respectively (Table 4.17). 
The carry over effect of previous irrigation was apparent until early winter. In all 
sward types but the pure lucerne, yields from the previously irrigated plots were 
significantly higher than the respective sward type yields from the unirrigated plots (Table 
4.17). 
The effects of lucerne overdrilling with cool season active perennial ryegrasses 
became apparent in the mid June harvest. Thus, by then, lucerneIMatua out yielded all other 
sward types by a significant margin irrespective of previous irrigation (Table 4.17). From the 
previously unirrigated plots Nui- and Maru-Iucerne mixtures did not differ from the pure 
lucerne sward yield but did so from the previously irrigated plots in the order Maru/lucerne 
> Nui/lucerne > pure lucerne. Although differences were generally small, the yield of 
Matua/lucerne mixture from the previously unirrigated plots was significantly higher than 
that from any other sward from the previously irrigated plots. 
During the establishment year irrigation was an important factor affecting the yields 
of the overdrilled grasses. The yield of grasses a year after overdrilling (seven months after 
the last irrigation), however, indicated that the effect of the previous irrigation regime was 
diminishing or was even being reversed. Previous irrigation reduced lucerne yield to 40 % 
and increased weed yield by 66 % compared with the previously rainfed treatment. The high 
lucerne growth from the previously unirrigated plots more than offset the increased weed 
growth from the previously irrigated plots total spring yield from the former treatment was 
16 % higher (p < 0.05) than from the latter (Table 4.18). 
Nui and Maru did not significantly affect lucerne productivity. Matua, however, ,------
reduced lucerne yield to from 55 to 65 % of that from the other swards (Table 4.18). 
Although the Matual1ucerne sward produced 23 % more (1.5 t DM ha-1) than the pure 
\ 
lucerne sward, the introduced perennial grasses had no significant effect oil total DM yield 
Table 4.18 
treatment 
Irrigation 
unirrigated 
irrigated 
n 
df 
sed 
cv 
P 
Sward type 
Nui-Iucerne 
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Effects of overdrilling lucerne with perennial grasses and irrigation 
during the establishment year on the productivity and composition of 
pure lucerne and lucerne/grass mixtures in the first spring following 
the establishment year (growth duration - 18/6/90-24/10/90). 
component species 
grass lucerne weed total 
3.01 3.44 1.6 7.29 
2.97 1.37 2.66 6.27 
6 8 8 8 
1 1 1 1 
0.77 0.46 0.26 0.04 
29.6 15 17.5 0.65 
ns ns ns <0.05 
1.75 3.52 1.55 6.81 
Maru-Iucerne 1.84 3.07 1.16 6.08 
Matua-Iucerne 5.39 1.98 0.48 7.86 
pure lucerne 3.62 2.76 6.36 
n 4 4 4 4 
df 4 6 6 6 
sed 0.49 0.78 0.51 0.67 
cv 23 36 48.8 13.9 
p <0.01 ns <0.05 ns 
Interaction <0.05 ns ns ns 
~ ~>:."1.: ~ 
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during the fIrst spring one year after overdrilling. Furthennore, weeds accounted for 43. % of 
the pure lucerne sward yield while merely 6 % of the Matuallucerne yield was contributed 
by weeds (Table 4.18). 
Overdrilled grasses had a notable impact on weed growth. Matua, Mam and Nui 
reduced weed growth to 17, 50 and 56 % of that from the pure lucerne sward, respectively 
(Table 4.18). 
Matua out yielded both Nui and Maru irrespective of previous irrigation regime 
(Table 4.19). Previous irrigation reduced the Matua yield 4.12/6.67 % of that from the 
previously unirrigated plot yield. 
Table 4.19 The interaction of overdrilled grasses and previous irrigation on the 
yield,ofgrasses in the first spring one year after overdrilling. 
Species Irrigation 
Nui 
Maru 
Matua 
sed 0.69 
unirrigated irrigated 
1.43 
0.94 
6.67 
2.07 
2.74 
4.12 
to compare two species means within an 
irrigation regime, and 
1.32 to compare dryland and irrigated plot yields 
within or between species. 
! 
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4.4 DISCUSSION 
4.4.1 Seedling emergence 
According to Milthorpe and Moorby (1979) in nondormant seeds temperature, 
moisture and sowing depth are the major variables which govern seed 
germination/emergence. In the present experiment, daily mean soil temperatures during the 
germination/emergence phase ranged from 8.5 to 13.7 0 C in both the irrigated and 
unirrigated plots (Figure 4.1). These temperatures are within the range of 5 to 30 0 C which is 
considered not limiting for total germination/emergence of many temperate species, 
including phalaris and ryegrass (McWilliam et al., 1970). The ranges of soil temperature 
variation from both the rainfed and irrigated plots were also comparable to the alternating 
temperatures, 5/10 0 C, which gave maximum laboratory germination values for all the grass 
species used in the present experiment (Charlton et al., 1985). Thus, soil temperatures during 
the germination/emergence phase, although not optimum, were not detrimentally low as to 
restrict germination/emergence of Nui, Matua and Maru. 
The results on seedling emergence suggested that use of irrigation in early spring 
might not increase seedling emergence. However, irrigated plots had 67 more seedlings m-2 
than dryland plots at the time of maximum seedling emergenc~. This increase in seedling 
emergence, due to irrigation, was equivalent to 19 % of the maximum seedling emergence 
from the unirrigated plots. The absence of statistical significance is due simply to the small 
number of error degrees of freedom (2) for this treatment. 
Although sowing was done while the soil moisture was near field capacity (0.37 g 
g-I), the increased seedling emergence from the irrigated plots was not unexpected for the 
potential soil moisture deficit in the dryland plots was increasing faster than that from the 
irrigated plots especially between 10 and 30 DAS (Figure 4.2). Thus, in the meantime some 
of the germinated seeds from the unirrigated plots could have experienced desiccation and 
failed to emerge (Choudhary and Baker, 1981a,b). This may have contributed·to the 
difference in maximum seedling emergence between the irrigation treatments. 
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However, although applying irrigation appeared to increase seedling emergence 
slightly, the seedling density recorded at maximum emergence from the dryland plots (356 
seedlings m-2) was probably more than adequate for a component species in a mixed sward. 
A corollary of this finding is that soil moisture in early spring may not constitute a limiting 
factor in seedling emergence provided seeds are sown while the soil moisture is close to 
field capacity and occasional rainfall replenishes soil moisture. Nevertheless, if subsequent 
seedling survival happens to be a function of the number of seedlings emerged, 
supplemental irrigation may be worthwhile to augment seedling emergence. 
Field seedling emergence of all the grasses was more than the germination test 
values used to calculate seeding rates. The species which had very low germination test 
results, especially Maru and to some extent Matua, gave unexpectedly high field 
emergences. Consequently, the seeding rates used created artificial differences and 
confounded species differences. Because of these inconsistencies it is difficult to compare 
the results with published data on a viable seed basis. Therefore comparisons are based on 
the number of seedlings emerged per unit area. Even this latter parameter can be sensitive to 
seeding rate although Ryan et al. (1978) reported no significant difference in Nui 
emergence from 8 and 15 Kg ha -1 seeding rates. 
Seedling emergence of Nui recorded from this experiment at 36 DAS (323 m-2) 
was even more than the top of the range (240 - 270 m-2 at 50 DAS) reported by Bellotti and 
Blair (1989a) for perennial ryegrass from establishment methods similar to that used in this 
experiment. However, it fell within the range (180-410 seedlings m-2 40 DAS) reported by 
Kunelius et al. (1982) for the same cultivar overdrilled into an existing sward treated with 
different herbicides and/or spray width although their seed rate was 2.25 times the rate used 
in this experiment. 
The seedling density of Matua at maximum emergence (351 m-2 at 36 DAS) was 
much higher than the range (41-200 m-2 at 35-40 DAS) reported by Hill (1985) for the same 
cultivar direct drilled into paraquat or glyphosate sprayed paspalum or kikuyu pastures. The 
reasons for seedling emergence differences between those of Hill and the present experiment 
88 
'l 
',are not clear. But it could be that he used lower seed rates (40 and 53 kg ha- l ) than used in 
the present study (68 kg ha- l ), hence the higher seedling emergence in the latter. 
There are no comparable published data for Maru seedling emergence from a 
similar establishment method as used in this experiment. 
Thiram treatment did not increase seedling emergence. That was presumably 
because seedling emergence was already high from the untreated seeds. Seedling emergence 
response to fungicide seed treatment has been variable ranging from negative (e.g., Falloon 
1980) to no or positive responses (e.g., Falloon 1980, 1981b; Lewis, 1988, 1989). The 
positive responses to fungicide seed treatment have often been from seeds sown into 
sites/soils which possess potentially virulent pathogens (Falloon 1987). On the basis of ,this 
argument, the high seedling density obtained from fungicide untreated seeds implied that 
fungal problems were nonexistent or nonsignificant. This may explain, at least partially, the 
I 
lack of response to the fungicide treatment. 
4.2 Seedling Survival 
4.4.2.1 Irrigation 
The results from the present experiment provided no support to the hypothesis that 
when grasses are overdrilled in early spring, applying irrigation to the rooting depth of grass 
seedlings will improve seedling survival and/or reduce rate of seedling loss. However, 
although irrigation did not modify the pattern of seedling loss, there were more surviving 
seedlings from the irrigated plots than from the rain fed plots at anyone time following 
maximum emergence (Figure 4.6). The similarity of the survival curves of the grass 
seedlings from the rainfed and irrigated plots implied that seedling density decline occurred 
independent of irrigation treatment. It appears, therefore, that under sprin'g overdrilling 
conditions, other growth factors, e.g., competition for irradiance, may play the pivotal role in 
seedling survival. 
i 
I 
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Established seedling density, averaged over-all species, at 247 DAS, was 11 and !ti&~ 
11.6 % of maximum seedling emergence respectively for irrigated and rainfed plots. Such a 
striking similarity of density decline from contrasting moisture regimes makes it tempting to 
suggest that the final established densities are mere reflections of the initial emergence 
differences rather than survival improvements due to irrigation. The implications, from these 
parallel proportions, are that maintenance of adequate soil moisture alone does not guarantee 
that the seedlings will survive and become established. Hence factors in addition to moisture 
need to be given due consideration to achieve successful establishment under overdrilling 
conditions. 
The lack of significant response in seedling survival to irrigation could have partly 
been due to the shelter provided by the lucerne. Since grass seedlings in this experiment 
were largely sheltered by the existing lucerne immediately after emergence (Figure 4.8) and 
since their leaf areas were small (Table 5.5), transpirationallosses from the seedlings may 
not have been appreciably different between irrigation treatments, particularly from spring to 
early summer. It is also possible that other suboptimal growth factors, for instance, 
irradiance due to shading from the tall existing lucerne (Figure 4.8), may have 
overshadowed the effect of moderate moisture stress. So since the severity of shading of the 
grass seedlings from the lucerne was similar across the irrigation treatments, similarity of 
seedling loss from the different moisture regimes could be related to the similar severity of 
competition for light rather than to the moisture stress differences. The similarity of seedling 
decline in the irrigated and unirrigated plots after early summer, however, may have been 
due to two different mechanisms: desiccation from high moisture stress in the rainfed plots 
and competition, particularly for light, between grass and lucerne in the irrigated plots. The 
high potential soil moisture deficit from the rainfed plots (Figure 4.5) and the generally low 
amount of irradiance interception by the grasses in mixture with lucerne except for Matua 
(Table 5.1) may provide some indirect evidence for the above suggestion. ~ompetition for 
nutrients, particularly for P because of the high (85 to 90 %) P retentiori of the soil, could 
also have been an important contributing factor in seedling density decline. 
l----
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. It is also possible that the lucerne may have competed for the applied water. Jodari-
Karimi et al. (1983) reported that the lucerne root in the 0-15 cm depth accounted for about 
13-17,37-43, and 30.5-33 % of total water uptake when unirrigated, one-third of the root 
length irrigated, and two-third of the root length was irrigated, respectively. However, their 
experimental lucerne plants were 46-65 days old. The lucerne plants ~t the beginning of this 
experiment were more than five years old. The root in the top 10-20 cm was an old woody 
tap root and did not possess a dense mass of young roots which may largely be responsible 
for water absorption (Russell, 1977; Sanderson, 1983). 
As mentioned previously in this section light may also have played an important 
role in seedling survival. Lucerne was exerting considerable shading on the grass seedlings 
immediately following emergence (Figure 4.8). Several authors (e.g., Hoen, 1968b; Thorn et 
al., 1986) have shownthat survival ability is related to plant size, i.e., the larger the size the ... 
longer the plant will survive or death is most likely to begin with smallest individuals in a 
population (White and Harper, 1970). Since seedling size (DM and leaf area per plant), in 
this experiment, was found to be influenced more by light than by moisture (cf. Table 4.3, 
4.4, 4.5, 4.6), it was probable that competition for light was largely responsible for seedling 
density decline. 
4.4.2.2 Species 
The pattern of seedling density decline of all the species from the present 
experiment is similar to that reported for perennial ryegrass and red clover (Kunelius et al., 
1982); lucerne (Palmer and Wynn-Williams, 1976); perennial ryegrass and tall fescue 
(Bellotti and Blair 1989b); Maru and Matua (Xu, 1989) although follow up was limited to 
only up to 45 DAS in the latter. 
The surviving seedling density of Nui at 247 DAS was 9 % of seedling density at 
maximum emergence. This compares poorly with the 20-26 % (Bellotti and Blair, 1989b) 
and 36-44 % (Thorn et al. 1986) from similar establishment methods. 
I 
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The poor survival of Nui in this experiment is in sharp contrast with the view that 
Nui is an aggressive, suitable cultivar for overdrilling (e.g., Ryan et al. 1978) or even under 
overs owing for which resident vegetation control is suggested to be not essential (Chapman 
et al., 1985). The poor survival of Nui from the present study is probably related to low 
endophyte level. Perennial ryegrass cultivars with low endophyte level have been reported to 
show poor survival in regions characterized by dry summers and where Argentine stem 
weevil (ASW) is a problem (e.g., Kerr, 1986). Lines with low endophyte level have also 
been reported to show poor survival (e.g., Reed et al., 1985, 1987) even when ASW 
problem is apparently absent. Latch et al (1985) found that endophyte infected Nui plants 
produced more leaf area, DM, tiller~, and root growth than uninfected plants implying that 
infection by endophyte confers vigor to ryegrass plants. It has been suggested that breeders 
have inadvertently selected lines which have intrinsically low vigor but which appear 
vigorous due to high endophtye infection (Harvey, 1985). Thus the poor persistence of the 
low endophyte Nui in this experiment may be due to low vigor. 
The Matua seedling survival recorded 247 DAS from the present experiment (59 
m-2) was less than the 93 seedlings m-2 250 DAS, averaged for 22 and 45 kg ha-1 seed 
rates, reported by Thorn et al. (1989) from a similar establishment method. Furthermore, 
they reported a higher survival rate (69 %) between 67 and 270 DAS compared with 22 % 
survival recorded for a similar period and same cultivar, in this experiment. The differences 
between these results may be attributed to the management system (they had a laxer grazing 
regime than used here), and differences in the density of the resident sward, which may 
affect the severity of competition and hence survival. 
Maru suffered the highest amount of seedling loss. This would be expected for 
Maru at emergence had the highest seedling density of all the grasses. Competition is 
believed to commence earlier when density is higher than when it is lower (Donald, 1961). 
On the basis of this argument the high seedling density of Maru may have caused 
intraspecific competition to commence earlier in Maru than in Nui or Matua. Furthermore, 
J.
·ntraspecific competition is likely to be very severe for the 'need and activity' of individuals 
are similar (Mather, 1961). Under such conditions the average size of plants should be 
! .. , .... ,.: 
1_ -i- T ',-;..-
92 
smaller than that would occur when density was lower (cf. Maru vs. others, Table 4.2, 4.5). 
The lower average seedling size of Maru than that of Nui or Matua suggested that Maru had 
more seedlings with very small size i.e., more seedlings prone to perish than in Nui or 
Matua. This may in part explain the higher seedling loss from Maru than either of the other 
species. 
The hard grazing regime adopted during this experiment (residual herbage mass c. 
500 kg ha-1) may have also exacerbated seedling loss. Thorn et al. (1986) reported that 
during the establishment year, 20 % of stand loss in Nui, overdrilled into paspalum sward, 
was accounted for by grazing related causes. Similarly, Salihi and Norton (1987) reported 
that survival of Agropyron desertorum seedlings was 0.4 % when grazed for two cycles of 3 
days duration but was increased to 11 % when left ungrazed. In this regard Maru was likely 
to suffer more seedling loss due to grazing than any of the other grasses for Maru' s smaller 
average seedling size would mean little capacity to buffer grazing stress. 
Compared with seed germination/emergence, survival of seedlings appeared to be a 
more important aspect limiting establishment in overdrilling. This further substantiates the 
initial fmdings of the fIrst experiment (Chapter 3). Although the actual viability of the seed 
lots could not be ascertained, the seedling densities attained at maximum emergence were far 
greater than available published data indicating that germination/emergence did not 
constitute a major limiting factor to establishment process for the species used in this 
experiment. A similar inference can be made from the data of Bellotti and Blair (1989b) for 
perennial ryegrass while emergence was c. 73 % of viable seeds, sown seedling survival to 
the stage of an 'established' plant (250 DAS) was only 25-30 % of maximum emergence. 
Overall the results, on seedling establishment, from this experiment indicated that 
perennial grasses (particularly Matua and Maru) could be successfully introduced into an 
existing lucerne sward by direct drilling. This agrees with the results of Hill (1985) for 
Matua, tall fescue, and Italian ryegrass; Bellotti and Blair (1989c) for perenn~al ryegrass and 
tall fescue. Successful establishment of low endophyte Nui under this locality, however, may 
require supplemental irrigation. The poor establishment of Nui here generally contrasts with 
the results of Ryan et al. (1978) and that of Kunelius et al. 1982. 
,: 
! 
93 
4.4.3 Root Growth 
, 
When plants are introduced into an established sward, competition from the 
existing sward is generally recognized to be the major factor limiting growth and survival of 
introduced species (e.g., Campbell et al., 1987). Many workers (e.g .. , Cook and Ratcliff, -
1985; Snaydon and Howe, 1986; Jeangros and Nosberger, 1990) have shown that, under 
such circumstances, root competition is often the overriding factor which affects growth and 
possibly survival of the introduced species. Since the size of the root system may affect the 
ability of a plant to capture below ground resources and hence its competitiveness, root 
growth of the overdrilled grasses was assessed to see species differences, if any, and if such 
differences affected growth and survival of the introduced grasses. 
The'results showed that irrigation generally increased root growth (Table 4.9, 4.10). 
The increase in root mass due to irrigation was contrary to the result of Garwood (1967) who 
found more root mass from unirrigated than irrigated perennial grasses swards. However, he 
commented that the favourable moisture condition from irrigated swards could increase 
decay of dead roots more than that could occur under dryland conditions. The lower root 
mass from unirrigated than from irrigated plots, in this experiment, however, could be due to 
moisture stress since moisture stress is known to restrict root development (Garwood, 1968; 
Williams, 1969; Troughton, 1980; Cornish, 1982; Gregory, 1987) and subsequent growth 
rate (e.g., Rendig and Taylor, 1989). 
Irrigation had a considerable influence on Maru root growth. This may be because 
root development, especially nodal roots, in phalaris is more sensitive to soil drying than 
perennial ryegrass (Cornish, 1982). The strong moisture by species interaction at 80 DAS 
lends support to the contention of Cornish that moisture stress can arrest root development 
of Maru. This is because by far the biggest root growth response to irrigation was due to 
Maru (125 % increase) compared with 27 % for Nui and 28 % for Matua (Table 4.10). 
The root mass data recorded 80 DAS for Nui, Maru, and Matua (0.21, 0.23, and 
0.34 kg DM m-3) were far less than the 2.06, 1.2 and 2.49 kg DM m-3 in the top 10 cm of 
c_._,->p .. 
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soil reported by Gyamtsho (1990) for the respective species grown in mixture with lucerne. 
The root mass densities of all the grasses from the present experiment were also less than the 
1.75 - 2.0 kg DM m-3 reported for wheat cultivars (Siddique, et al., 1990) from the top 10 
cm of soil. The probable reasons for disparity between the results here and the fonner could 
be age difference and seedbed preparation. The grasses in Gyamtsho's work were more than 
three years old compared with less than 80 days old from this experiment. In addition the 
grasses were direct drilled in this experiment whereas seed was sown into a tilled seedbed in 
Gyamtsho's experiment. So, since direct drilling can reduce root growth (Baker and Mai, 
1982) compared with root growth in a tilled seedbed, the different establishment methods 
used might have also contributed to the differences in root growth. The disparity between 
root mass measurement results from this experiment and that of Siddique et al. (1990) could 
be that the grasses here were overdrilled into an existing sward compared with a pure crop of 
wheat. In this experiment grasses were under severe competition from the lucerne 
particularly for light. This reduces DM production, which indirectly limits the amount and 
fraction of carbohydrate available for partitioning to roots. Stress for light limits root growth 
more than shoot growth according to the functional equilibrium theory (Brouwer, 1962, 
1983). This is also supported by the generally small root mass of all the grasses up to 80 
DAS. Clearly the root can not grow unless the shoot is able to capture above ground 
resources and synthesize them for use. The other possible reason for the differences could be 
that the grasses were subjected to defoliation but the whelJ.ts were not. Defoliation has been 
shown to cause substantial root death (Evans, 1972; Ennik and Baan Hofman, 1983). 
Species showed consistent differences in root weight. Since most of the grass roots 
at early growth stages are seminal roots, the similarity of root masses of the three species at 
25 DAS indicates that seminal roots of these species have equivalent mass although the 
fineness and hence rooting density could be different. Thus, differences in root mass of these 
species at subsequent growth stages can be used as an indicator of formation and growth of 
\ 
nodal roots on which survival capacity of perennial grasses is claimed to rely (Hyder, 1974; 
cited by Cornish, 1982). 
I . 
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The outstanding features of the data on root growth include the markedly high root i!g}~ 
mass of Matua vis-a-vis Nui or Maru, and the Maru superiority to Nui from 80 DAS 
onwards which was largely caused by irrigation. Although no quantitative relationship 
between root mass and survival andlor above ground growth could be elucidated from these 
data, the performance of all the species (at least during the early seedling stage) appeared to 
closely reflect the degree of root growth of the respective species (cf. Tables 4.10 and 4.12, . 
12/1/90). Thus, an early investment on root growth can influence future 
survivaVperformance of these grasses. However, this extrapolation needs further evaluation 
as to how long the effect will last. 
Root mass data are more appropriate for C-partitioning study than for estimating 
root activity. The major function of roots is to capture soil resources and supply these to the 
other parts of the plant (Drew, 1987). The capacity of roots for this function is more related 
to root length density than to root mass (Boot and Mensink, 1990). This is because species 
with same root mass may have different rooting densities resulting in differing capacity for 
soil resource acquisition ( e.g., Caldwell, 1987). It is assumed that differences in root growth 
affect the ability of a plant to access soil resources (or their competitiveness for acquisition 
of below ground resources) and hence their growth and survival. The linking of root mass 
data to root activity assumes these two features are related in a known and direct way 
although this assumption does not always hold (Pearson, 1974). Despite this, Baan Hofman 
and Ennik (1980, 1982) showed that a clone of Lolium perenne L. which had the highest 
root mass when grown in mixture with other clones or species was the most competitive. It 
reduced the growth of the associated clones or species while the clone with the lowest root 
mass was the least competitive. So the ability of a species to produce more root mass when 
grown in mixture with another has been shown to be an indicator of the likely performance 
of a species. This could be particularly vital in mixtures because if one species has a less 
extensive root system than the associated species, the one with more vigorous system may 
\ 
deplete resources before the other species with less vigorous roots acquires adequate 
resources for growth and survival (Tilman, 1982). So,root mass can be considered as an 
indicator of a plant's capacity for resource acquisition and also competitiveness particularly 
,,'_> ,'-'" 
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when grown in mixture with other species or cultivars. In this experiment Nui had a 
relatively smaller root mass than the other species (Tables 4.9 and 4.10) and this may 
therefore partly explain the poor survival and growth of NuL Although Nui initially had 
good root growth, this did not continue. The reason for this shift is not apparent but it· is 
possible that the low endophyte feature may have affected root growth. Because shoot and 
root growth are related in a dynamic manner, the poor shoot growth may also have directly 
influenced the growth of the root system. On the other hand the relatively higher root mass 
of Matua under both irrigation regimes and Maru under irrigation partially explain the higher 
growth of these species from mid summer onwards. 
4.4.5 Dry matter per plant 
Irrigation caused a 68 % increase in DM per plant. The lack of statistical 
i . 
significance despite such a large response is a consequence of the split plot design. This is I 
clear from a comparison of irrigation and species effects where differences of lower 
magnitude among species were significant while higher magnitude differences between 
irrigation treatments were nonsignificant (Table 4.2). Thus it would be grossly misleading to 
assert that irrigation did not influence DM per plant. 
However, irradiance was the overriding factor governing DM accumulation of the 
grasses (Tables 4.3, 4.4). This probably indicates which growth resource (water or 
irradiance) was more scarce. As shown in Table 4.3, seedling growth was essentially the 
same whether irrigated or not under a closed lucerne-grass canopy. However, when the 
seedlings potential to capture light was improved (open canopy), seedling growth jumped 
four and fivefold respectively under dryland and irrigated plots. This disparity in grass 
growth between moisture regimes under the open canopy suggested that the rainfed plots 
had suboptimal moisture content as indicated by a 76 % response to irrigation. It is also 
possible that the higher seedling growth from irrigated-open than from dry-open plots was 
due to synergistic effect of relief from both irradiance and water stresses compared with only 
a one way relief (from low irradiance level) under the dry-open plots. 
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Seedling OM per plant ofNui at15, Maru at 9 and Matua at 19 mg (40 OAS) was 
generally very low compared with 257, 162 and 328 mg per plant for the respective species 
for a similar growth duration and grown under no competition from the resident lucerne 
(Ayalsew, unpublished data). Such poor growth of the grass seedlings in mixture with 
lucerne indicates the degree of competitive stress the grass seedlings experienced from the 
existing lucerne, particularly for light. The very low OM accumulation of Maru seedlings 
compared with Nui and Matua may in part be due to the low innate seedling vigor of Maru 
but it may also reflect the impact exerted by the higher seedling density of this species 
compared with the others. It is widely acknowledged that intraspecific competition is more 
intense than interspecific competition (e.g., Mather, 1961; Haynes, 1980). Thus, the initially 
higher seedling density of Maru may have subjected it to severe intraspecific competition 
and hence resulted in alower average plant size than either Nui or Matua both of which had 
lower initial seedling population (Tables 4.2 and 4.4). 
Since growth is determined by the amount of carbon fixed, and the latter is in turn 
affected by, among other factors, the size of photosynthesizing leaves, comparison of leaf 
areas of the species may also provide illuminating reason for species differences. In this 
respect, however, Nui and Maru had similar leaf areas and this could not explain the 
differences in OM per plant between these species, although the higher leaf area per plant of 
Matua can be related to its higher OM per plant. In addition, the smaller differences in OM 
per plant between Matua and Nui did not seem to be associated with the big differences in 
leaf area of these species. It has been recently reported for tall fescue that low levels of 
irradiance at the time of leaf ontogeny reduce anatomical characteristics of grass leaves 
associated with photosynthesis (stomatal and mesophyll densities) compared with plants 
grown under high irradiance level (Allard, et al., 1991). Thus, assuming this response holds 
for these grasses as well, the history of leaf ontogeny - i.e., under deep shade or open canopy 
- could affect their photosynthetic capacity, and subsequent OM accumulation (Figure 4.8). 
\ 
As mentioned earlier root competition is generally considered to be more influential 
than shoot competition (e.g., Snaydon and Howe, 1986; Jeangros and Nosberger, 1990). The 
results from the present experiment have highlighted that the order of importance of above 
i . 
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or below ground competition,on the growth of component species of a mjxture, depends on 
what resource is most scarce. Thus, light was more limiting to seedling growth than water in 
the present experiment at least until 40 DAS (Le., late October). It can be suggested, hence, 
that relieving moisture stress alone (or using irrigation) under overdrilling conditions may 
not ensure successful establishment if growth of the resident sward is such that it denies the 
introduced seedlings access to light. Indeed irrigation may end up increasing growth of the 
existing sward and hence accentuate competition for growth resources rather than promote 
growth of the introduced species. 
Growth potential of all the grass species was generally similar under irradiance 
stress. At a low level of irradiance stress (open canopy), however, species displayed large 
differences in growth. It appears that if the existing sward can maintain full ground cover, 
overdrilling of grasses may not appreciably add to total production. The poor growth 
perfonnance of the introduced grasses species is an indication that the available resources 
are fully utilized by the existing species. So, since one aim of introducing grasses is for 
fuller exploitation of resources and hence for higher production, there appears no point in 
introducing additional species while the existing one is still vigorous. It can, therefore, be 
concluded that if overdrilled species are to make a sizable contribution, this will have to 
come at the cost of replacement of the production from the resident species. Hence, at any 
one space additional production may not be expected unless supplemental growth resources 
are provided or unless the extra production comes from differences in temporal activity of 
the component species, e.g., one component active in summer the other during the cool 
season. 
4.4.6 Leaf area per plant 
Canopy closure had more influence on leaf area per plant than did moisture regime 
(cf. Tables 4.5, 4.6, and 4.7). The effect of moisture stress is first manifest through plant 
morphological responses. Leaf area is very sensitive to water stress (Turner and·Begg, 
1978). The small response in leaf area per plant from irrigation (an increase of only 28 %) 
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suggests that the plants from dry land plots experienced only mild stress. It is widely 
recognized that shading increases length and area of initiated leaves though specific leaf 
weight, leaf width, and length take the opposite course (e.g., Ludlow, 1978; Schnyder and 
Nelson, 1989; Allard, et al., 1991). However, since fewer leaves are formed under low 
irradiance levels (Allard, et al., 1991), the increased length of leaves may fail to compensate 
for reduced leaf number and this may therefore partly explain the lower leaf area per plant of 
seedlings from the closed than from the open canopy. The main reason, however, is that the 
grass seedlings under the closed canopy were growing under severe shading from the tall 
and dense lucerne canopy. Those seedlings were unable to intercept light or fix significant 
amount of carbon. This would mean little carbohydrate was available for growth. 
Matua had two and three times the leaf area per plant of Nui and Maru, 
respectively. That was because leaf area growth of Matua was not affected by the moisture 
regime which in tum probably mirrored the slightly greater root growth of Matua compared 
with Nui or Maru. This meant Matua was able to draw more water than Nui or Maru and 
hence was more able to the offset effect of moisture stress on leaf expansion. 
Overall the higher response of leaf area to canopy closure than to irrigation is an 
indication of the relative scarcity of irradiance and water and also species reaction to stress. 
For instance, Matua leaf growth while insensitive to moisture, was markedly reduced by 
canopy closure. This by no means implies that moisture stress does not affect leaf growth of 
Matua but rather an indication that Matua was more able to mitigate moisture stress due to 
its higher root growth than Nui or Maru. With the rest of the species, although leaf areas 
were doubled due to irrigation, magnitude of response was even higher (three- and four-fold) 
from increased irradiance (open canopy). It is evident therefore that irradiance was relatively 
more scarce than moisture and species response was moderately variable. Thus the results 
generally indicate the importance of competition for light at seedling stage. The implication, 
therefore, is that adequate suppression of the existing lucerne may be necessary to enable 
establishment of the overdrilled grasses. Maintaining favourable light regime to the 
overdrilled grasses seedlings would mean frequent defoliation of the lucerne. Nevertheless, 
this practice would have a deleterious consequence on the lucerne vigour and persistence. 
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Furthennore, the low availability of irradiance to seedlings was an evidence that the existing 
lucerne itself was vigorous. This suggests that under conditions where the existing lucerne 
shows vigorous growth, overdrilling may not be beneficial. 
4.4.7 Dry matter yields of introduced grasses and the resident lucerne at 
different grazing dates during the establishment year 
4.4.7.1 Grass and lucerne yieds at SO DAS 
This period encompassed early September through to the end of October. During 
this time lucerne resumes its active growth in response to the improving climatic variables 
particularly temperature and solar radiation. This would mean, however, that lucerne would 
exert severe competitive pressure on seedlings. Overdrilled grasses responded significantly 
(60 % increase) to irrigation. This was not unexpected because the potential soil moisture 
deficit was rapidly increasing (Figure 4.4). Nevertheless, not only the actual response to 
irrigation was very small (c. 29 kg DM ha-1) but also total production of overdrilled grasses 
was trivial (Table 4.8) compared with that of the resident lucerne (c. 4 t DM ha-1). It is clear 
from these large yield differences that paraquat spray did not suppress lucerne for a 
sufficiently long time to enable the grasses to make substantial growth. Competition from 
the lucerne especially for light was the major factor restricting growth of the introduced 
grasses. 
Although species differences were highly significant statistically, the difference 
between the highest producer (Matua at 66) and lowest (Maru at 48) was only 28 kg DM 
ha -1. The very low yield of sown grasses at this early stage of establishment was similar to 
that found by Bellotti and Blair (1989c) who reported no contribution from either perennial 
ryegrass or tall fescue from June (sowing) to December. Such a small contribution to total 
herbage yield from overdrilled grasses is a manifest of the severity of the competitive stress 
the grasses experienced from the vigorously growing lucerne during spring. 
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4.4.7.2 Grass DM yields 
Under rainfed conditions, all the overdrilled grasses made little or no growth from 
mid spring through to the summer-autumn-early winter period (Table 4.8, 4.11, 4.12). Under 
irrigated conditions, however, there were two more or less distinct response phases. The frrst 
phase was from mid spring through to mid summer when the growth response of grasses to 
irrigation, though significant statistically, was actually very small (Tables 4.8, 4.11, 4.12). In 
the second phase with the progression of potential soil moisture deficit (late summer-early 
autumn), response to irrigation increased substantially especially from Matua and Maru 
(Table 4.12). Since the growth of lucerne from midspring to early summer under both 
moisture regimes was very high (Table 4.14), the poor growth and response of the associated 
grasses to irrigation during this period implies that lucerne created an unfavourable light - _._-
environment for the grasses growing beneath it. As potential soil moisture deficit increased 
(mid summer-early autumn), however, the growth of both lucerne and grass was arrested and 
the combined lucerne/grass sward did not completely cover the ground even after 48 days of 
regrowth. Thus, during late summer-early autumn, under rainfed conditions, growth of the 
grasses was limited by moisture deficit rather than competition for light. This is readily 
evident from a comparison of the magnitude of the growth response to irrigation at different 
seasons (cf. Tables 4.8, 4.11, 4.12, 4.15). It appears, therefore, that light was the most 
important factor affecting growth of dryland grasses during spring-early summer while 
moisture became more important subsequently (mid summer to early autumn). under 
irrigated conditions, however, competition for light remained a major factor affecting growth 
of component species of the lucerne-grass mixtures (cf. Table 5.1 and Tables 4.12, 4.15 
(8/3/90 irrigated)). 
All the grass species used in this experiment are reputed to have good cool-season 
activity ( e.g., Lancashire and Brock, 1982). The results from this experiment indicated, 
however, that the cool season activity can be influenced by the manage~ent history of the 
grasses. Consequently, none of the grasses from the previously unirrigated plots- made 
substantial growth during mid autumn - early winter except Matua which yielded about 0.5 t 
.. 
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DM ha-1. From previously irrigated plots, however, both Maru and Matua showed moderate ~~~3~1~ 
growth (Table 4.12). 
In herbage grasses, the tiller is the main component of herbage yield. Since tiller 
production is controlled by the number of developing tiller buds (Davies, 1974) and since 
the latter is influenced by plant size (Davies and Thomas, 1983), management which 
increases plant size/vigor, i.e., increases potential sites for tiller. formation and is likely to 
improve cool season growth. Thus, it appeared that previous irrigation had a carryover 
effect on vigor and/or plant size. On the other hand if grasses were managed under extended 
stressful conditions as in the dryland plots their vigor would be so diminished that when 
stress is relieved growth would not proceed rapidly. This phenomenon appeared to explain 
cool season yield differences between previously irrigated and unirrigated plots. 
The late autumn to early winter yield of Matua (at 970) and Maru (at 510 kg DM 
ha-1) during the establishment year, from previously irrigated plots are similar to those 
reported by Fraser (1982) for Matua (at 1170) and Maru (at 432 Kg DM -1) in the 
establishment year. These yields also compare favourably with those of Cullen (1965) 
(c.1120 and 617 kg DM ha-1 for prairie grass and phalaris, respectively) although the:re is a 
large difference between Nui (200 kg DM ha-1) from the present experiment and c.1120 kg 
DM ha-1 for perennial ryegrass from Cullen (1965). The yields from the drylandplots for all 
the grasses in this experiment (at 80, 70 and 490 kg DM ha-1, respectively for Nui, Maru 
and Matua) are, however, much lower than those reported by Cullen or Fraser. The yields of 
Matua (at 970) and Maru (at 510 kg DM ha-1) from the previously irrigated plots are much 
lower than those reported by Xu (1989) for Matua (1770) and for Maru (1320 kg DM ha-1) 
in the first winter during establishment. The differences are probably related to the system of 
'. _. ~ ','--.... 
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establishment for Xu's mixtures were established concurrently, but here grasses were i." 
overdrilled into an existing lucerne sward. Thus, it is probable that the grasses from the 
present experiment suffered more severe competitive stresses from the resident lucerne than 
\ 
the grasses from Xu's work where lq~erne and grass were sown at the same time. 
The salient features of the yield data during the establishment year from the 
irrigated plots are that under irrigation Matua tended to dominate lucerne during the late 
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summer to early autumn and produced well during the winter. Nui was very poor producing 
while Maru was intermediate. Under dryland conditions, however, only lucerne was able to 
produce significant herbage during the late summer to early autumn. 
Why was Matua relatively high producer during the cool season? Winter seasons 
are characterised by low irradiances and temperatures. So, a species showing good activity 
during winter must be adaptable to suboptimal growth factors. Langer (1970) suggested that 
the superior cool season growth of prairie grass to other temperate grasses, e.g., Manawa 
ryegrass, is due to its ability to adapt to reduced light intensity rather than to low 
temperature. He further suggested that this ability is owing to the canopy structure and not to 
higher photosynthetic efficiency. This may not be a satisfactory l'Qason because Maru had at 
least a similarly erect canopy as Matua, yet Maru had lower cool season activity in the 
establishment year. More recently Hutrie (1991) found that at low day/night temperatures 
(4/4 0 C), Matua had a similar tillering rate but more leaves than perennial ryegrass cultivars, 
e.g., ' Bellegarde'. Thus, since temperature is the major determinant of leaf appearance rate 
under field conditions ( Davies and Thomas, 1983), the high leaf appearance rate at low 
temperature suggests that Matua's high activity during the cool season is also due, in part, to 
its adaptation to low temperatures. 
The total yield of the grasses during the establishment year was strongly affected by 
irrigation regime (Table 4.13). Presumably the single most important source of variation in 
total grass yield was the species response to moisture regime during mid summer - early 
autumn Table 4.12,8/3/90). During this period growth of all the grasses from the rainfed 
plots was virtually nil while from the irrigated plots, except for Nui, growth responses were 
substantial (Table 4.13). Nevertheless, this had a reciprocal impact on the productivity of 
lucerne (see section 4.4.7.3 or Table 4.14). 
4.4.7.3 Yield of lucerne 
Under rainfed conditions, overdrilling lucerne with grasses had no impact on 
lucerne yield during the first year (Table 4.15}. However, under irrigation lucerne yield from i"" , 
the lucerne/grass mixtures was similar to that from the pure lucerne yield from Qrid October 
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until early December and also during early winter (Table 4.14). But, lucerne yields from all 
lucerne/grass mixtures except from the Nui/lucerne mixture were significantly lower from 
mid summer until early autumn (Table 4.15). The reduction in lucerne yield during these 
periods was so important that the total yield of lucerne during the first year of association 
with grasses was significantly reduced (Table 4.15). The most severe depression in lucerne 
yield was from the Matua/lucerne plot followed by the Maru/lucerne plots under irrigation 
(Table 4.15). A similar effect particularly Matua was reported by Fraser (1983), Xu (1989) 
and Gyamtsho (1990). 
The apparent lack of reduction in lucerne growth during mid spring to early 
summer due to grass overdrilling was probably because the grass seedlings were not 
competitive enough against the well established lucerne. Whereas in the early winter the 
biomass of both components of the mixture was not high enough to cause competitive stress 
to either component. The reduction of lucerne growth during the mid summer-early autumn, 
'I 
however,was probably related to the irrigation strategy employed. Irrigation was applied to 
a depth of 100 mm from overdrilling until early January, but depth of irrigation was 
increased to 200 mm from mid January till early March when the irrigation treatment was 
stopped altogether. Since potential moisture deficit was very high during this period (Figure 
4.5), lucerne could not possibly have extracted sufficient water from the deeper soil layers to 
meet atmospheric demand. Therfore it had to compete for the surface moisture from the 
shallow irrigation. However, that would leave lucerne at a disadvantage compared with 
grasses which had virtually all their roots at the depth of irrigation. Although lucerne utilized 
some of the applied moisture (Table 4.15,8/3/90 cf. rainfed and irrigated), it was unable to 
compete with Matua and to a lesser extent with Maru for surface moisture. This is 
reasonable considering the relative root sizes of these species in the top 200 mm of soil. 
Since the grasses had all their root mass at this depth, it was possible that the irrigation 
regime employed gave a competitive advantage to the grasses. Strategic irrig~tion therefore 
might help counteract grass dominance. This may involve deep irrigation to keep lucerne 
competitive with the grasses. In most cases, however, lucerne is grown in areas where soil 
'.::- .. -; .. :....:-.. 
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moisture during summer is usually limiting to growth. This means there is little potential for 
the grasses to dominate lucerne during summer. 
The yield data from this experiment showed that under rainfed conditions, the pure 
lucerne yielded 8.5 t DM ha-1 from early November '89 to mid June '90. The corresponding 
yield from irrigated plots was 13.7 t DM ha-1. Since differences occurred from mid summer 
to early autumn when soil moisture deficit was very high, it was apparent that the yield of 
lucerne was limited by moisture deficit and not primarily by poor stand density. The pure 
lucerne yield from the rainfed plots was typical of lucerne yields from the 600 to 800 mm 
rainfall annum-l zone (Douglas, 1986). This would normally be at least 25 % more 
productive than a ryegrass/white clover pasture. This is an indication that the existing 
lucerne is still productive. 
4.4.7.4 Total DM yield of grasses 
Although the cumulative yields of both Matua and Nui under irrigation were about 
five times the corresponding yields from rainfed conditions, neither response was as 
spectacular as the 12-fold increase with irrigation for Maru (4.13). The major source of 
difference in cumulative yield came from growth response of species to irrigation during 
mid-summer to early autumn when the potential soil moisture deficit was prohibitively large 
(cf. Figure 4.5 and Table 4.12). Thus, although moisture stress during this period caused the 
major disparity between dryland and irrigated yields of all grasses, the higher yield gap 
between irrigated and dryland Maru than those of Matua and Nui could be a consequence of 
moisture stress induced dormancy in Maru (Hoen, 1968a; McWilliam and Kramer, 1968). 
Comparisons of yields of the component species of the lucerne-grass mixtures 
indicated that grasses particularly Matua and Maru were exerting a displacement impact on 
lucerne (cf. Table 4.13 and 4.15). So, although Matua and Maru under irrigation produced 
about 2.7 and 5 t DM ha -1 during the establishment year (mid-spring to early winter), these 
growth responses occurred at the expense of lucerne growth. The Matua yield data, however, 
showed the potential of this species to contribute significant quantity of herbage under 
dryland condition (which was similar to Nui under irrigation). Such a good performance 
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. from Matua under dryland condition has also been reported before (e.g., Rys et al., 1977). l&m: 
Maru and Nui, however, proved worthless under the unusually dry summer of 89/90 though 
Maru's performance was not unexpected. 
Xu (1989), from the same location, reported that Matua and Maru produced 9220 
and 2940 kg DM ha-l within 144 days from sowing. The comparative yields from ~ this 
experiment were 2500 and 1200 kg DM ha-1, respectively. The possible differences between 
these yields could be due to the method of establishment. In Xu's work both the grasses and 
lucerne were established simultaneously, in contrast to this experiment where the grasses 
were overdrilled into the existing lucerne. 
Because DM production of the grasses from the rainfed plots was virtually nil 
during summer and low during winter, the total yield data from rainfed plots reaffirm the 
contention of Rickard and Fitzgerald (1970) that in Canterbury moisture stress during 
summer and low temperature during winter are the major factors limiting pasture production 
although low solar radiation may also be responsible for poor growth in winter. Similarly, 
because the growth of lucerne from irrigated plots was generally high from mid spring 
through to early autumn but very low during winter (Tables 4.14, 4.15), this growth pattern 
reinforces the suggestion of Hogland et al. (1974) that lucerne growth rate (and hence yield) 
under favourable moisture conditions closely follows the patterns of mean temperature and 
solar radiation. 
Soil moisture availability is the major factor influencing lucerne production 
(Douglas, 1986). The data from Table 4.15 strongly support this assertion. Lucerne, by 
virtue of its deep rooting capacity, gives more substantial growth during summer dry areas 
than most common herbage species. However, due to the abnormally dry summer (Figures 
4.4 and 4.5) the lucerne yield from the rainfed plots was only 20 % of that from the irrigated 
plots during mid-summer to early autumn and about 57 % of the total lucerne yield from the 
pure sward (Table 4.15). In contrast grass yields from rainfed plots were n~l. If irrigated, 
lucerne alone can be as productive as the lucerne-grass mixtures. Furthermore under 
irrigatiori increased grass growth appears to come from a displacement of lucerne growth 
and not as extra production. 
i 
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4.4.8 Botanical composition results and discussion 
/, 
The existing lucerne cultivar, WL318, has a semi-donnant activity during the cool 
season. This together with the generally low density of lucerne (19 to 28 plants m-2) creates 
gaps. As a result, weeds take advantage of such gaps and become established and remain a 
significant component of the sward from early autumn to mid spring. Since one aim of grass 
overdrilling is generally to check weed invasion (Vartha, 1967) and in particular one of the 
objectives of this experiment was to evaluate if management practices used altered sward 
composition, botanical composition data were collected during early August 1990. The 
results from the canonical variate analysis indicated that the treatment combinations were 
mainly separated along" the first canonical variate axis which accounted for 93 % of the total 
variance (Figure 4.9). This canonical variate was positively correlated with grass content but 
negatively correlated with the weed and bare ground cover (Table 4.20). Thus the first 
canonical axis differentiated treatments into two distinct groups: the Matua plots and the 
irrigated Maru plots which had a high grass content and low weed and bare ground cover; 
and the Nui plots and unirrigated Maru which had a low grass content and high weed and 
bare ground cover (Figure 4.9). Not unexpectedly, therefore, high grass content was 
associated with low bare ground and weed cover. The lucerne content was least 
discriminatory which meant that lucerne cover was relatively stable across treatment 
combinations at least until August, 1990. It was also apparent that there was a strong affinity 
between bare ground and weed cover, i.e., where there was high bare ground cover there was 
a corresponding increase in the weed content of the swards (Table 4.20). 
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Table 4.20 The correlations between the canonical and the original variables 
canonical variates 
components canvl canv2 
lucerne -0.0845 -0.0249 
grass 0.7551 0.1792 
weed -0.304 0.7329 
bare -0.327 -004087 
The second canonical variate, although not significant (p=0.08), extracted a further 
6 % of theremainingvariance. This variate operated exclusively within species having 
negative scores on the first canonical variate. It was positively correlated with the weed 
content but negatively correlated with the bare ground cover. The first canonical varil.lte 
showed that dryland Nui, irrigated Nui and dryland Maru had high weed and bare ground 
cover (conversely, low grass content). The second canonical axis further differentiated these 
into high weed-low bare ground cover (irrigated Nui) and low weed-high bare ground cover 
(dryland Nui) (Figure 4.9). It appeared that previous irrigation in the Nui-hicerne plots 
favoured weeds to occupy the bare ground whereas in the dryland Nui plots weed growth 
was not as high as the irrigated Nui plots and a substantial part of the dryland Nui plots had 
a bare ground cover. The proportion of weed content and, bare ground cover in the dryland 
Maru plots appeared to be similar. 
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Figure 4.9 
• unirrigated Nui/luceme 
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Canonical variate analysis of botanical compositions of lucerne-grass 
mixtures. Irrigation by species treatment groups displayed using the first 
two canonical variates of the response variables. The circles represent 
the 95 % confidence regions about the treatment groups centroids. 
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While there was similarity in the proportion of the components among irrigated 
Maru, dryland Matua, and irrigated Matua which were characterised by high grass, low weed 
and bare ground cover on the one hand and among dryland Nui, dryland Maru and irrigated 
Nui on the other which were composed of low grass, high weed and bare ground, there was 
also a clear cut separation between these two groups (Figure 4.9). It was apparent that Nui 
and Matua were highly segregated (had different proportional composition) irrespective of 
the previous irrigation regime; but Maru's presence in both of these groups suggested the 
there was a species by irrigation interaction. Hence under irrigation, composition of the 
Maru plots resembled that of Matua; however, under dryland conditions, components of the 
Maru-Iucerne plot had similar proportional composition to that of the Nui-Iucerne mixtures. 
That is, the grass component of Maru was strongly affected by previous irrigation treatment. 
The confidence regions (Figure 4.9) may also indicate the degree of variation 
within irrigation-species combination. For instance, Matua from the previously irrigated 
plots was more homogeneous (grass dominated) while Matua from the dryland plots tended 
to be less homogeneous (having relatively more weed and bare ground). This suggests that 
Matua from the previously irrigated plots was more grassy than that from the rainfed plots. 
Matua from both moisture regimes and Maru from the previously irrigated plots 
had a high grass content and reduced weed and bare ground cover. The high grass content of 
the Matua/lucerne mixtures under both moisture regimes and Maru/lucerne mixture from the 
previously irrigated plots was due to profuse natural reseeding and tillering from the laterally 
spreading rhizomes, respectively. A similar plant recruitment strategy, in Matua, through 
natural reseeding has been reported (e.g., Pineiro and Harris (1978b); Hume et al., 1990). No 
reseeding occurred in Nui nor lateral spread in dryland Maru. This coupled with the poor 
growth and survival of the original plants of these species and the gapping which occurred 
during winter due to the semi-dormant growth of lucerne created opportunity for weeds and 
bare ground to constitute a substantial component in Nui/lucerne mixtures under both 
moisture regimes and in the Maru/lucerne mixture from the rainfed plots. 
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4.4.9 . Herbage production in the first spring a year after grass overdrilling 
Total DM yield (lucerne, grass, and weed) data from a spring harvest indicated a 
significant shift in the effect of previous irrigation (Figure 4.18). This was because previous 
irrigation favoured grass growth (Table 4.19) which in turn was accompanied by a 
substantial reduction in lucerne growth though some compensation appeared to occur 
through increased weed growth (Figure 4.18). However, the increased weed and grass 
growth was not apparently enough to fully compensate for reduced growth of lucerne. 
The performance of Matua a year after overdrilling was outstanding (Tables 4.18 
and 4.19). This was owing, in part, to the high stand density from natural reseeding during 
. the previous autumn. Nevertheless, the superior growth of Matua while very effective in 
reducing weed growth, was also associated with a marked reduction in lucerne growth 
(Table 4.18). Matua dominance was in effect from late summer to early autumn (under 
irrigation) although the spring dominance was independent of previous irrigation regime. 
From this trend it appears that Matua is likely to competitively exclude lucerne from the 
sward. Therefore, since the late summer-early autumn dominance of Matua was apparently 
due to the irrigation regime and that during the spring was due to profuse reseeding in 
autumn, these situations could be manipulated by strategic irrigation and grazing, 
respectively. Thus, if irrigation is possible, applying deep irrigation may enable lucerne to be 
competitive with the shallow rooted grasses and hence may overcome grass dominance. To 
reduce spring Matua dominance, grazing before Matua sheds seeds may be helpful. On the 
other hand when Matua stand is declining, deferring grazing until the Matua sheds seeds can 
help renovate the Matua component of the mixture. 
Maru and Nui on the other hand, though yielding moderately (about 1.8 t DM 
ha-1), had no significant depressing effect on lucerne growth but did not suppress weeds as 
did Matua. Nevertheless, the weed content of Maru/lucerne swards was only 40 % of that 
from the pure lucerne swards. Thus Maru appeared a compatible associate of lucerne in that 
unlike Matua, Maru did not appreciably affect lucerne yield and its growth came at the cost 
I·",;:, 
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of reduced weed growth. A similar compatibility between Maru and lucerne was also 
reported by Fraser (1983). 
In spite of the cessation of irrigation more than seven months ago, there was a 
significant interaction between previous irrigation treatment and species (Table 4.19). This 
was due to Matua for it was the only species which had a higher yield (62 %) from the 
rainfed plots than from the previously irrigated plots. Such a shift in yield pattern was 
probably due to the higher seedling density of Matua under the latter than the former 
moisture regime. A similar response was reported where red clover and lucerne were grown 
in mixture that the growth of one species was depressed when that species existed at higher 
densities but its yield was improved when it was present at lower density (Black, 1960, cited 
by Chamblee and Collins, 1988). This simply emphasizes the contention that intraspecific 
competition is more severe than interspecific competition for the former has both a 
synchronous and synlocalization property and also occurs at similar intensity (Chamblee and 
Collins, 1988). 
Overall although Matua suppressed lucerne growth, the Matuallucerne mixture 
produced 23 % more DM than the 'pure' lucerne sward. Furthermore, the weed content of 
the mixture was only 6 % while that of 'pure' lucerne was as high as 43 %. Although 
increasing total production and reducing weed content are probably the main targets of the 
grazier for undertaking overdrilling, the continued dominance of Matua over lucerne may 
lead to an accelerated run down of the lucerne component. As a consequence, the long term 
productivity of the sward may be put at risk. This is because in the first year, high growth of 
Matua may be due to the high soil N levels for the plots had been under pure lucerne for the 
last five years. So, since Matua is a high fertility demanding cultivar (Rumball, 1974) and a 
short term perennial, its productivity and persistence may sharply decline as the lucerne 
component runs out unless N is applied. To counteract this possibility use of species which 
are less aggressive than Matua may be beneficial. In this regard Maru appeared to be a better 
associate for lucerne than Matua at least as judged from performance over 400 days from 
sowing. The compatibility of low endophyte Nui particularly under rainfed conditions was 
not satisfactory because of poor persistence. 
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CHAPTER FIVE 
5 Irradiance interception by the components. of the lucerne-grass mixtures 
5.1 Introduction 
Monteith (1977), in such widely different crops as apples, barely, potatoes and 
sugar beet, showed that dry matter accumulation was strongly correlated with the amount of 
radiation intercepted. Likewise, Brougham (1956) working on mixed swards of short-
rotation ryegrass, red and white clovers found that pasture growth was related to the 
percentage of light intercepted, and to the leaf area. Similarly, Stern and Donald (1962a) 
reported that growth of clover in-a mixed grass-clover sward was directly dependent on the 
amount of radiation incident at the surface of the the clover leaf canopy. It is apparent, 
therefore, that in mixed swards where competition for light inevitably reduces the amount of 
available to component species, both growth rate and production of the components will 
suffer. Where the mixed sward is composed of grass and legume, the competition between 
grass and legume has great agricultural significance particularly if the legume component is 
utilized as the source of nitrogen for the pasture (Stern and Donald, 1962b). 
Although it is evident from the above review that the growth of the component 
species of a mixed sward is related to the amount of radiation it intercepts, few studies have 
quantified radiation interception and growth by the component species. So, the aim of this 
experiment was to quantify irradiance intercepted by the component species of the the 
different lucerne-grass mixtures and also to see whether the yields of component species 
were related to the amount of irradiance they intercepted. 
: ..... :,-> 
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5.2 Materials and methods 
This measurement was done during the mid summer to early autumn regrowth 
period on the irrigated mixtures. The dryland mixtures were excluded because regrowth 
particularly of the grasses was virtually nil and there was no complete, ground cover even 
after 48 days of regrowth. 
5.2.1 Leaf area measurement 
Leaf areas were determined from subsamples of samples taken from an area of 0.36 
m2 in each plot. The results were converted to leaf area indices for use in calculating 
fraction ofirradianceeach component of a mixture intercepted. In the Nui/lucerne and 
Maru/lucerne mixtures, leaf area samples of lucerne above the grass canopies was clipped 
before sampling for the mixed profile of the canopy was done. Leaf area was measured using 
a Li Cor area meter (model 3100). 
5.2.2 Measurement of intercepted irradiance 
Intercepted radiation was measured using miniature tube solarimeters (model TSM 
Delta-T devices, Cambridge, England). This solarimeter has 0.35 m long sensing surface 
which is sensitive to total solar radiation in the range 0.3 to 3.0 pm (Szeicz, 1965). 
Three sensors were used for this purpose. One of these was tripod mounted to 
measure radiation above the lucerne-grass canopy. The radiation penetrating through the 
canopy to the ground level was measured at the same time as that at the top of the canopy by 
inserting the other two solarimeters, joined 0.12 m apart on a probe, across the drill rows. 
The cumulative length of the sensing surface of the solarimeters, inserted ~elow the canopy, 
traversed eight rows of grass and lucerne. Two measurements per plot were taken. Each 
lasted for 30 seconds. The solarimeter count outputs were integrated over the measurement 
period using a three channel integrator (Systel Engineering Ltd., Christchurch, N. Z.). 
1·'--
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Measurements were taken between 1100 and 1400 (New Zealand Standard Time). 
Relative sensitivity checks were taken at the beginning and end of each replicate 
measurement. 
The above procedure was modified to some degree when measuring radiation 
intercepted by each component of the Maru- and Nui- lucerne mixtures owing to height 
differences in component species of these mixtures. For Matua-Iucerne mixture no such 
problem arose for both species had more or less uniform heights. 
In the Maru- and Nui-Iucerne mixtures, lucerne overtopped these grasses after 3 
weeks of regrowth. Thus the canopy profile was 'divided' into two strata. One was the 
lucerne stratum above the grasses and the other was the profile where both lucerne and the 
. . .,..~- '.',', 
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'.>~.'<>.,-. 
grasses were found. First, irradiance intercepted by the lucerne above the grasses was >:-; . 
measured by placing the two solarimeters joined on a probe at the surface of the grass 
canopy and one (tripod mounted) above the combined canopy. Soon after such a 
measurement was done, the irradiance penetrating through the lucerne-grass canopy profile 
to the ground level was measured by inserting the solarimeters on a probe at the base of the 
total sward. The irradiance which was intercepted by the lucerne and the grasses below that 
of the 'pure lucerne profile' was estimated by subtracting irradiance intercepted by the 'pure 
lucerne profile' from that measured at the top of the combined canopy. The main criticism 
with this approach would be the inability to measure irradiance attenuation at the two 
canopy proftles simultaneously. But since the time gap between the strata measurements was 
mostly a minute or less, it was assumed that the change in irradiance over that time interval 
was not significant. Measurements were taken when there was no cloud cover. 
Fraction of irradiance transmitted, Ti' through the canopy was calculated after 
Gallagher (1983) as: 
T' =r· * C·b/e 1 1 1 a 
where 
r· 1 
(5.1) 
the sensitivity of solarimeter i relative to that above the canopy, 
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are number of counts recorded for the solarimeters below and 
above the canopy, respectively 
The fraction of irradiance intercepted by the lucerne canopy, 4>i' above the Maru 
or Nui canopy was obtained as: 
A... = 1 - T' '1'1 1 (5.2) 
The amount of 'photosynthetically active radiation' (PAR) intercepted by the lucerne canopy 
above Nui or Maru over a certain period was obtained by multiplying (5.2) by the total PAR 
over that measurement period. 
Procedure (5.1) was followed for Matua/lucerne mixture and for the mixed 
canopy profiles of Nui/lucerne and Maru/lucerne swards except that in these cases Ti was 
partitioned to the grass and lucerne components of each mixture. Irradiance intercepted by 
each of the grass and lucerne was calculated from the mixed sward irradiance interception 
model derived originally by Ross et al. (1972) and refined by Thornley and Johnson (1990). 
The amount of irradiance intercepted by a component species, e.g., grass, was 
calculated as: 
(5.3) 
(see Appendix E) 
Si,g is the amount of irradiance intercepted by the grass component of any of the 
lucerne-grass mixtures. The same expression holds for the lucerne component except for the 
need to substitute a for subscripts g. The irradiance intercepted by the combined I 
i':,: .' 
" CC. 
I. 
I·' 
\ :-' 
grass/lucerne canopy is sum of irradiances intercepted by the component species of a 
mixture viz., 
.... 
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(5.4) 
Io is irradiance above the grass/lucerne canopy and Si is amount of irradiance 
intercepted by the combined grass/lucerne leaf area index L; ke is effective extinction 
coefficient for a mixed lucerne-grass sward, calculated as (Thornley and Johnson, 1990) : 
(5.5) 
where L = Lg + La 
and Lg and La are leaf area indices of grass and lucerne, respectively. 
The values of the extinction coefficients for the grass and lucerne in the mixed 
sward were determined from the following regression model (from (e. 11), Appendix E) 
loge [ ____ 1___ ) = -k L - k L 
I g g a a 
(5.6) 
o 
Assuming the irradiance recorded by the solarimeter below the combined canopy is 
equivalent to exp (-keL), the fraction of irradiance intercepted by each component of a 
luceme- grass mixture was computed as follows: 
and 
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The amount of PAR intercepted by each component was calculated by multiplying 
the fraction intercepted (Le., (5.7), (5.8)) over a given period by half of the total solar 
radiation (Szeicz, 1974) over that period. Total solar radiation data (MJ d-1 m-2) were 
obtained from Christchurch Airport, 24 kIn away from the experimental site. 
5.3 Irradiance interception results and discussion 
5.3.1 Leaf area index 
There was a considerable variation in leaf area indices of lucerne in mixture with 
. the different grasses and also between the grasses (cf. Figure 5.1). The leaf area index (LAI) I·· 
of lucerne from the lucerne-Matua mixture was less than that from the lucerne-Maru which 
in tum was less than that of lucerne in mixture with NuL Not surprisingly, the LAIs of the 
grasses were in the order Nui < Maru < Matua. This could be an indication of the variation 
in the degree of competitive stress lucerne experienced in mixture with the different grasses 
and vice versa. The small LAI of Nui, however, was not due solely to competitive effects of 
lucerne but also a consequence of its low plant density. 
Lucerne became the taller component of the sward in mixture with Nui and Maru 
from between 15 and 30 days after the Commencement of regrowth. Consequently, lucerne 
overtopped Nui and Maru to some extent (Figure 5.1). No clear cut overtopping occurred in 
the Matua-Iucerne mixture throughout the regrowth period (Le., for 48 days) for both 
components had similar stature. 
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5.3.2 Irradiance intercepted by the component species of the lucerne-grass 
mixtures 
The variation in the amount of irradiance intercepted by the component species of 
the three grass-lucerne mixture ranged from only 1.3-fold in Matua-Iucerne (in favour of 
Matua) to 3.8-fold in Nui-Iucerne mixture (in favour of lucerne) (Table 5.1). 
Table 5.1 The amounts of PAR intercepted by the component species of the 
lucerne-grass mixtures (20/1/90-8/3/90) 
sward type intercepted 'PAR' 
(MJm-2) 
lucerne-Matua lucerne Matua 
(160.3) (208.7) 
lucerne-Maru lucerne Maru 
(228.4) (126.8) 
lucerne-Nui lucerne Nui 
(267.8) (70.4) 
sed 8.84 
cv 6.1 
P <0.0001 
n 3 
The differences in the amount of irradiance intercepted may indicate the extent of 
competition one component of a mixture exerted on the other. Thus, the lucerne component 
of the lucerne-Nui mixture intercepted 67 % more 'PAR' than did lucerne from the Matua-
lucerne mixture. Such a high amount of irradiance interception by lucerne from the former 
mixture was associated with a reduction in the amount of irradiance intercepted by the Nui 
component (34 % of Matua). Consequently, the growth of Nui was suppressed in 
I 
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comparison with either that of Matua or even with Maru (Table 4.13, 8/3/90). The growth of 
lucerne in mixture with Matua was 50 % of that in mixture with Nui ( Table 4.13, 8/3/90). 
This was because Matua grew so aggressively that it reduced the amount of light available to 
the lucerne component (Table 5.1). It appeared, therefore, that competition for light was a 
major factor limiting the growth of component species in the irrigated plots during mid 
summer to early autumn. Dry matter:radiation quotients are given in appendix C. 
" 
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CHAPTER 6 
6.1 General discussion 
The main objective of this experiment was to establish perennial grasses without 
severely disrupting existing lucerne production. For this, a short term herbicide, paraquat, 
was used to temporarily suppress lucerne growth. However, the lucerne rapidly recovered in 
response to the improving environmental conditions (radiation and temperature) during 
spring. Thus, by the time the overdrilled grasses attained maximum emergence, the lucerne 
had already recovered and was shading the grass seedlings (Figure 4.8). The lucerne 
continued to grow vigorously until early summer irrespective of irrigation treatment. This 
caused severe compe-tition against the introduced grass seedlings. As a result all the 
overdrilled grasses experienced severe seedling losses (Figures 4.6, 4.7) and reduced growth 
(Tables 4.2, 4.5). The canopy state by irrigation treatment interaction showed that poor 
seedling growth and possibly survival was more due to competition for light than for 
moisture. Similarly, Groya and Sheaffer (1981) found that competition for light rather than 
moisture was limiting establishment of sod-seeded lucerne. Not surprisingly the yield of the 
overdrilled grasses during this period, irrigated or not, was virtually negligible (Table 4.8). 
This indicated that under circumstances where competition for irradiance is severe reducing 
competition for water does not improve seedling growth or survival. 
From mid summer to early autumn the increasing soil moisture deficit severely 
curtailed lucerne growili. Consequently, the influence of lucerne on the grasses became less 
severe than it was during spring. The high soil moisture deficit together with the shallow 
irrigation regime not only enabled the grasses to recover from lucerne suppression but also 
caused grass dominance. As a result lucerne yield from the lucerneIMatua mixture dropped 
to only 60 % of the pure lucerne yield. In the succeeding cool season as the Weather became 
suboptimal for lucerne growth the grasses, particularly Matua and Maru, became significant 
components of the mixed swards. Subsequently, as temperatures improved in spring, the 
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grasses grew faster than lucerne. Thus,-once again Matua caused a significant depression on 
lucerne yield (Table 4.18). 
Since the grass dominance during summer was due mainly to shallow irrigation 
regime, use of deep irrigation could probably improve competitive ability of lucerne and 
hence help achieve a balanced association. However, this alone would not be a satisfactory 
strategy because the grasses from the dryland plots which made no growth during summer 
recovered during winter and grew vigorously in spring and dominated the lucerne. The 
major factor for spring Matua dominance was the prolific reseeding during autumn. This 
suggests that strategic grazing can be used to manipulate Matua density and hence its effect 
on lucerne. Thus, if both Matua and lucerne have deteriorated, deferring grazing to allow 
Matua reseeding may help increase the Matua component and hence total sward yield. If, 
however, both lucerne and Matua have satisfactory ground cover, grazing the sward before 
Matua sheds seeds may help maintain a 'balanced grass/lucerne' association. 
The results from this experiment have shown that irrigation but not fungicide seed 
treatment influenced grass establishment and/or performance during the first year. However, 
the high yields of grasses from the previously unirrigated plots a year after overdrilling 
demonstrated that irrigation was not essential for successful establishment of early spring 
sown perennial grasses especially Matua and Maru at least on this site; However, 
observations in early October two years after overdrilling indicated that irrigation during the 
first year improved establishment and persistence of the low endophyte NuL 
The major impact of irrigation was to reduce the time taken for the overdrilled 
. ,-.-.-~ - -
grasses to become significant producers. Grasses from the irrigated plots produced sizeable j __ c. 
yields as early as late summer/early autumn in the first year whereas those from the rainfed 
plots did not yield significant quantities of herbage until late spring in the second year. 
Nonetheless, this effect of irrigation is of little practical significance for at least two reasons: 
first, the delay in production from the overdrilled grasses was due to sevefe competition 
from lucerne particularly for irradiance. This indicated that the existing lucerne was vigorous 
and productive and, hence, the grasses should not have been overdrilled. On the other hand if 
the existing lucerne was really deteriorated, the introduced grasses would experience little 
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competition for irradiance. Therefore, the grasses would probably perform well even without 
irrigation during the spring (Table 4.3). This was because seedling growth was limited more 
by competition for irradiance than water during the spring. Second, the introduced grasses 
became high producers during summer due to the shallow irrigation regime which gave them 
a competitive advantage over lucerne. Besides, if irrigation is to be used, though this is not 
common in the farms where lucerne is normally grown, the existing lucerne may still be as 
productive as the grass/lucerne mixtures (Table 4.16). Without irrigation the grasses would 
have no potential to produce as much as the lucerne during the dry summer. 
The results from this experiment suggested that choice of species may be more 
important than irrigation to long term productivity of lucerne/grass mixtures. For instance, 
. Matua appeared to competitively exclude lucerne. This may be utilized in two ways: if the 
____ ,",1. __ '. 
lucerne sward is highly deteriorated, use of Matua can substantially lift production at least in,::;, 
the short term. This is clearly indicated from the large yield (5 t DM ha-1) in the spring a 
year after overdrilling. On the other hand, overdrilling a productive lucerne stand with 
Matua may hasten any decline in lucerne production and persistence. Since Matua requires 
high soil fertility (e.g., Rumball, 1974) and does not remain in a productive and pure state 
for long period (Alexander, 1985), N must be applied to maintain sward productivity as the 
lucerne component runs out. This means increased production costs. Therefore; in the latter 
situation Matua may not prove a suitable associate for lucerne. 
Maru, both during the establishment year under irrigation and during spring in the 
second year irrespective of previous irrigation regime, was compatible with lucerne. 
Compatibility was particularly evident during the spring in the second year when growth of 
Maru occurred at the substitution of weed growth and with little apparent influence on 
lucerne growth. In addition since Maru is dormant during a dry summer (Table 4.12, rainfed) 
and has relatively high cool season activity, it may be a suitable associate for lucerne. Such a 
combination may also moderate seasonal feed supply fluctuations. However, long term 
\ 
evaluation is required for a fuller assessment of its compatibility. This is because over time 
Maru plants may 'expand' outward by tillering from the rhizomes and the Maru population 
. -.. - ~ 
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may become dense enough to smother lucerne during spring as did Matua. However, Fraser 
(1983) reported compatibility at least for three years of an association. 
According to Vartha (1967) overdrilling lucerne with perennial grasses is used as a 
means of prolonging the productive life of a deteriorating lucerne sward which would 
otherwise be dominated by weeds. The results from this experiment have shown that 
overdrilling lucerne with perennial grasses particularly Matua and Maru can significantly 
reduce weed growth. Total sward yield, however, remained relatively unaffected in Maru-, 
and Nui-Iucerne mixtures though Matua-Iucerne yielded 23 % more DM than did the pure 
lucerne. The yield composition data from the spring harvest in the second year indicated that 
total sward yield from the pure lucerne sward was similar to that overdrilled with grasses but 
as much as 43 % of the pure lucerne yield was due to we~ds. Overdrilling with Matua 
reduced weed contentto 17% of the pure lucerne sward. Unfortunately, the effect of Matua 
was not confined to weed displacement but also caused a reduction in lucerne growth. Maru 
reduced weed growth to 40 % of that of the pure lucerne with no significant effect on the 
lucerne component but clearly was not as effective as Matua. This emphasizes the need for a 
compromise between the choice of associate species (hence degree of weed suppression) and 
the possible impact on lucerne production and persistence. 
At the start of this experiment the lucerne density ranged from 19 to 28 plants m-2. 
This density is less than the 30 plants m-2 that Palmer and Wynn-Williams (1976) have 
reported to give maximum yield for more than five year old lucerne sward on Paparua sandy 
loam soil. The lucerne sward here was thus considered to be declining and hence was 
overdrilled. The performance of the pure lucerne, however, suggested otherwise. Therefore, 
it is necessary to define what a deteriorating sward is or what criterion can be used to define 
a deteriorating sward to consider overdrilling. 
Defining the productive state of a lucerne sward on the basis of number of plants 
alone may be misleading. This is because the lucerne stand density that g~ves maximum 
yield varies considerably with the age of the stand, location and climate (Tesar and Marble, 
1988). For instance, from a review of lucerne density and productivity across location and 
age, Tesar and Marble (Ioe. cit.) concluded that in the first harvest year 150 - 250 plants m-2 
~ - -,' _.-. -
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are required but as the stand gets older (more than five years old) fewer plants (40-60 m-2) 
can be as productive provided these are uniformly distributed. Further in the tenth year they 
reported 19.1 t ha-1 was obtained from only 23 plants m-2. Inherent in this is that plant size 
increases and compensates for lower density. But the size plants attain is dependent on 
suitability of the climate and soil of the given area. Thus even if we accept a certain density 
for age, there will still be gap to account for site and climate differences. Furthermore in old 
lucerne swards accurate count of individual plants is difficult. 
An alternative, simple criterion to define the likely productivity of a lucerne sward 
(and hence to be used as a decision criterion for 'when to overdrilllucerne with perennial 
grasses') may be canopy cover. This is perhaps the most effective and scientifically plausible 
guideline. Ground cover assessment of the existing lucerne may be carried out at the early 
bud stage. Thus, if the existing lucerne sward has more than 90 % ground cover at this 
developmental stage, overdrilling will probably not increase total sward yield for the 
existing sward is already vigorous. In fact, according to the results from the present 
experiment the overdrilled grasses particularly Matua may smother the lucerne. 
However, canopy cover criterion may also be affected by composition. If a high 
canopy cover is due largely to weeds, overdrilling may still be beneficial. This may be 
particularly important if the weeds are nonpalatable types for the utilizable herbage 
production may then be reduced. So use of ground cover in conjunction with composition 
may prove a useful criterion for deciding when to overdrilllucerne with perennial grasses. 
127 
6.2 Conclusions 
Effect of lucerne cover on germination and seedling survival 
The results indicated that retaining or suppressing the existing lucerne did not affect 
the start, mte and extent of germination of overdrilled perennial grasses. However, failure to 
suppress the existing lucerne cuttailed seedling survival and hence establishment although 
this may depend on the seedling vigour of the overdrilled species. Thus, Matua showed 
higher seedling survival than either Maru or Nui where the resident lucerne was not 
suppressed at sowing. The implication is that MalUa can be established by overdrilling with 
minimal control of the resident lucerne sward. This has the added advantage that current 
production from the existing lucerne is not lost. 
Under the conditions of this experiment, the seedling survival phase was more 
limiting to the establishment process than the germination/emergence phase for Nui and 
Maru but not for Matua. 
Effects of irrigation, fungicide and canopy closure on seedling establishment 
On the Templeton stony silt loam irrigation may not be essential for successful 
seedling establishment of Matua and Maru provided overdrilling is done in early spring 
when soil moisture is near 'field capacity'. Irrigation, however, may improve survival and 
hence establishment of low endophyte NuEungicide seed treatment had no influence on 
germination, seedling survival nor final establishment of spring direct drilled perennial 
grasses. 
Canopy closure was by far the most limiting factor for early seedling growth and 
possibly survivial. The results pinpointed that irrigation alone does not improve seedling 
growth and survival when seedlings are under irradiance stress. 
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Effects of introduced species on sward productivity and composition 
The introduced grasses may not significantly lift total sward productivity. However, 
grasses can appreciably reduce weed encroachment. Thus, in effect grass overdrilling may 
increase utilizable herbage. 
Matua dominated lucerne with shallow irrigation during the establishment year and 
during the spring following the establishment year under both previously irrigated and 
unirrigated conditions. Therefore, where the resident lucerne is highly deteriorated, use of 
Matua can give a major lift in production. However, where the resident lucerne is vigrous 
and/or shows a slight decline, use of Matua may cause or exacerbate stand decline. Under 
the latter condition Maru may be the preferred companion species if lucerne has to be 
overdrilled, say, to improve seasonal feed production distribution. 
This work suggested that an assessment of lucerne stand vigour is necessary to 
determine if overdrilling with perennial grasses will be beneficical. One suitable method of 
assessing stand vigour would be to measure ground cover. Thus if the existing lucerne can 
achieve full ground cover by early bud to flowering stage, the resident lucerne is probably 
vigorous and introducing extra species may not be worthwhile. 
Recommendations for further work: 
a) Matua prairie grass can effectively reduce weed ingress and increase cool season 
feed supply but it dominates lucerne during spring and may reduce lucerne vigour. 
Thus, there is' a need to search for management systems that can help retain the 
positive features of this mixture without suppressing lucerne. 
b) Nui ryegrass despite good initial germination, subsequently performed poorly. 
Survival after two years particularly under rainfed conditions was less than six plants 
\ 
m-2. The reason for this low establishment figure was not apparent, though it may 
however been due to a low endophyte level. Therefore, further work is necessary to 
identify reasons for poor establishment. 
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c) Maru phalaris was a suitable companion for lucerne for two years in this experiment. 
While this compatibility appears to be due to marked differences in seasonal activity, 
lucerne and Maru still show some overlapping activity during spring. Since Maru 
plants appear to increase in size over time, some additional work is necessary to 
assess long term stability of Maru/lucerne mixtures. 
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Partial derivatives of the Weibull model, 
y=m{l- exp[-(k(t - z»**c]}, specified in SAS language are: 
der.m=l - exp(- (k(t - z»**c) 
der.k=c*m*exp[-(k(t - z»]*[(k(t -z»**(c-1)]*(t - z) 
der.z=-c*k*m*exp[-(k(t - z»**c]*[(k(x-z»**(c-1)] 
der.c=m*exp[-(K(t-z»**c]*[(k(t - z»**c]*log(k(t - z» 
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Appendix A 
AppendixB 
Parameter estimates and asymptotic standard errors (one replicate) of the Wei bull model 
titted to the germination data: 
Species Canopy m s.e. k s.e. z s.e. c 
Nui open 58.53 0.285 0.1621 0.169 2.85 . 0.625 2.76 
closed 55.39 0.528 0.1899 0.021 3.93 0.554 1.92 
Matua . open 77;87 0.109 0.1322 0.001 7.20 0.021 1.05 
closed 69.22 0.282 0.116 0.002 6.66 0.116 1.46 
Maru open 38.46 0.213 0.1875 0.004 5.89 0.086 1.18 
closed 37.58 0.482 0.1867 0.008 6.47 0.17 0.98 
AppendixC 
Dry matter:radiation quotients (calculated from the plot of IlWi/llti against llSi/Ilti)§: 
sward type species quotient 
(gDMMr1 'PAR') 
Nui/lucerne Nui 1.24 
lucerne 1.36 
Maru/lucerne Maru 1.77 
lucerne 1.70 
Matua/lucerne Matua 1.85 
lucerne 1.03 
s.e. 
0.80 
0.65 
0.01 
0.08 
0.094 
0.162 
§The symbols stand for increment in aboveground biomass,IlWi; for incremellt in intercepted 
irradiance, ASi' over time interval,lllj. 
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Extinction coefficients of lucerne/grass mixtures: 
lucerne canopy above Maru 
lucerne canopy above Nui 
Maru in mixture with lucerne 
Lucerne in mixture with Maru 
Nui in mixture with Lucerne 
lucerne in mixture with Nui 
Matua in mixture with lucerne 
lucerne in mixture with Matua 
0.76 
0.71 
Range 
0.54 to 0.63 
0.66 to 0.72 
0.42 to 0.49 
0.55 to 0.68 
0.53 to 0.58 
0.70 to 0.76 
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AppendixD 
AppendixE 
Quantifying irradiance interception by component species of mixed 
swards 
This appendix is based on Ross et al. (1972); Thornley and Johnson, 
1990; (see the latter for details). 
For lucerne/grass mixtures assume leaf area index increments of dla 
and dig respectively for the lucerne and grass components. 
Since leaves are generally inclined to the horizontal, let leaf 
projection in the horizontal plane be ~d/a' e.g., for lucerne. 
Irradiance incident on the lucerne leaves within the canopy, 
assuming a random leaf distribution, is 
(e .1) 
!:: .. 
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Let for non-randomly distributed leaves (e.g., clumped, spiral), S 
be a leaf dispersion factor, then irradiance incident on lucerne 
leaves within the grass/lucerne canopy becomes 
II, a (e.2) 
Incident irradiance for the increment dla is II, adla or ~aSaldla by 
substitution from (e.2). 
This can be decomposed into: 
absorbed, ~aSa(l - Pa - Ta)Idla components. (e.3) 
Assuming reflection is upward and transmision is downward, fraction 
of irradiance lost from I by interception for the increment dla is 
the sum of reflected and absorbed, viz., 
(e. 4) 
If we let ka (l-Ta)~aSa' then (e.4) will become 
(e.5) 
ka denotes extinction coefficient for lucerne 
The attenuation of irradiance by one component of a mixture, say 
lucerne, was derived by Ross etal. (1972) as: 
-k I g (e.6) 
(the minus sign refers to reduction of irradiances as it traverses 
throuah the canoov) . 
,..f ". 
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Let zdenote canopy depth; then irradiance attenuation by the 
combined canopy over the total sward depth was derived by Ross et 
al. (1972) : 
dI/dz (e.?) 
This, substituting (e.6) yields 
(e. 8) 
Integrating this (the extinction coefficients ka and kg for lucerne 
and grass are assumed constant through out the canopy depth): 
from which, 
lnI = - (kala + kglg ) + c 
(c is integration constant) 
and this yields 
I = Io exp-kala -kglg 
(e.9) 
(e.10) 
(e .11) 
(e.11) describes irradiance attenuation in a mixed sward canopy. 
substituting (e.11) in (e.2), irradiance incident on the leaf 
surface at any depth in the canopy for anyone component 
species, say lucerne, becomes: 
_ -k I k I II, a - ~aSalo exp a a- g g (e .12) 
from (e.5), (e.12) can be re-expressed as: 
Assuming the total irradiance intercepted by the combined 
lucerne/grass canopy is (Thornley and Johnson, 1990) 
(e.14) 
,~ :.~ 
:-.:-=-.=:'.;: 
I 
where for one component of the mixture, say lucerne, 
(e.15) 
and is the total leaf area index of the canopy 
Now the total irradiance intercepted by the whole canopy of one 
component of the mixture will be found by integrating (e.11) 
through the cumulative leaf area index of that component, say 
for lucerne, 
(e.1?) 
to evaluate this integral, define the cumulative leaf area 
index of the grass/lucerne canopy: 
I (e.18) 
and the effective extinction coefficient for the mixed sward 
canopy, 
expressing La in terms of L, 
and replacing (e.13) for ll,a and (e.20) for d 
I,a in (e.1?), we get: 
(1-1' a) 
(e.19) 
(e.20) 
(e.21) 
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this after few steps yields (assumed is that the k's remain 
constant throughout the canopy depth) 
(e.22) 
(e.23) 
similar expression holds for the grass component, but 
substitute the subscript g for a, with the result that 
"rkLlr' , 1 g g 1 - exp -keL I 
L keL J L J 0 (e.24) 
For a combined grass/lucerne canopy, (e.23 + e.24) reduces to 
(e.14), viz., 
(e.25) 
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